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THE IGNEOUS ROCKS IN THE LIGHT OF 
HIGH-TEMPERATURE RESEARCH 


By Dr. NORMAN L. BOWEN 


LABORATO! 


ORDING to the Newtonian mechanies 
ject attracts another object with a 
that is inversely proportional to the — tryside lay bef 
if its distance Nowadays the comparative 
vists would have us regard the mat occupied by 
n a somewhat different light, but I easional patc! 
nk we might, even in these parlous wood bus] 
times, postulate safely that an object at in spring, 
‘ts the human mind with a force that in autumn 
not inversely but directly propor le was ruge 
to the square of its distance 


>is an old rhyme that reads 


xpresses a fundamental human atti 


that begins in early childhood and 


ver leaves us. So it comes about that 
who would address a public gather- 
upon some aspect of the stars, tl 


I il it 


m, the depths of the ocean, the inside 
fan atom or other remote and relatively 


waters we 


naecessible object may plunge into his 
subject without preamble and be assured @ Summer \ 


‘an interested audience. But one who Small boy that 
14 7 


| speak of the scientific aspects of 
emingly more familiar things, such as ers of rock sloping 
( igneous rocks of this earth, will per gradually out into 
aps be well advised to assure himself important, 

at his audience knows just what these tads of seven 

‘“ocks are. shallow water 
When I was a boy my comrades and I strokes in safety But 
nged a countryside whose woods and twelve or thirt 
waters were a never-failing source of de- We sought the 
light. We were town boys, and our ex 


r een desp sed Suc! 
rugged 
its correspondingly rugged shore 


48; 
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we could clive trom a rock ledge Into doubted It Was probaDly oO 


clear, green water fifteen or twenty feet planations by our elders 


deep, or again so deep that none of us any concept of the granite, and 


could fetch bottom. The rock was of an not until I grew up and studied 
altogether different kind. It was red in’ that I reached an adequate 
color, totally lacking the regular flat then learned that my boy! 


layering, massive, solid, hard had lain where an ancient 


The contrasted structural and other an ancient shore con 
characteristics of these two types of rock granite, and had d 
were impressed upon us In other ways. granite layer upon layer o 
Both rocks were quarried and we loved of the comminuted 
to watch the quarrying operations. The  ganisms, which mud 
layers of limestone, for we may now give a great thickness of si 


the rocks their accepted local names, were become a_ limesto 
parted readily by means of a crowbar’ through a study of th 


Hlmestone 


and, with a minimum of labor, rectangu shells in 
lar blocks were obtained to be used exten be had 


sively in all the more substantial build- ancient sea and 


f town and country. The massive, shells found in the 


ings of 
red granite was won with greater diffi- horizons of the overlyi 


culty and was used in part for ‘‘trim’’ in as they outcropped on 


the more pretentious structures, in part the lake, a knowledg: 


} 


‘ 


for monuments. The latter use depended the development of life 
upon the fact that it would take a fine’ through the long ages 
polish, and on the polished surface one accumulation of the 


could see that it was made up of differ- sands and silts represented 


+ 


ently colored grains, some milky white, ered rocks. But it was 1 


some red or pink, some glistening black. able document that I f 


To this color-mottling the. polished rock interest, for I learned 


owed a large measure of its beauty Was an igneous rock 
The quarries were magnets to us not cooled slowly from the 

only during active operations but even under a thick coveri 

after these were abandoned, because then rocks since removed DY 

they ordinarily filled with water. At elements; that the 

quarry ponds we found our first swim- grains | had seen in it were er 

ming of early summer and again our first individual mineral compounds; t! 

skating of early winter. crystals, when examined in a sp 

Thus in one way or another we were of light, called polarized lig 


brought into rather intimate contact with interesting effects, each in its 
the rocks of the area. It is very difficult and that by measuring these 
to be sure just when and how a knowl- different mineral compounds 
edge of the fundamental character of an identified. These and other 
object first comes, but I believe we spon the igneous rocks 
towards them I 


turned 


taneously reached the conelusion that the 
layered limestone had been laid down in them ever since 
water as a mud or silt. That we reached, In the interior plains of 

} 


independently, any conclusion as to the a boy would not ordinarily b 


nature of the granite is greatly to be quainted with igneous rocks ir 





IGNEOUS Rov 


ee 
er. have tne opportunity ot see 
is rock In use aS an ornamenta 
forming columns, arches and 
in the portals of publie buildings 
In a Small community without im 
edifices there is always the grave 
There each seeks, in death as in 
to outdo his neighbor in splendor 
among the monuments to this folly 
are usually some fine examples of 
us rocks. They may be of any In 
nearly white through various shades 
red, green and gray to black itself 
d the observant individual might make 
on polished surfaces that the dom 
tone depends upon the dominance 
or another of the crystalline 
‘al grains of whieh the rocks are 
posed 
| have dwelt thus upon pleasant rem 
scences and have descended therefrom 
the surroundings of the graveyard 
purpose of emphasizing some of 
many Ways in which the igneous 
ocks and other rocks may become a part 
the ordinary concerns of the average 
lividual, especially of one living on 
s continent Dwellers of other lands 
iv have the igneous rocks (fire-rocks 
ught into their lives in much more 
phatie manner, that is, as a product 


voleanoes 


IGNEouS ACTIVI 


Probably no more impressive spectacle 


is ever viewed by human eyes than that 


voleano in eruption. Close specta 
rs of the more violent phases of vul 
n city seldom survive TO relate their 


xperiences. In the eruption of Pelée in 


1902 the town of St. Pierre was wiped 


} 


‘ 


it by hot blasts of gas that carried in 


andescent rock powder. One man, who 


as lodged in the town’s most substantial 


uuilding, the prison dungeon, survived 


s 30.000 more respectable fellow-towns 
en. Usually voleanie activity is much 








1eSS des 
sive. At 
avira 


rms period 


tains play 


eonve rted 


substance 


lla park fou 


At many 
utpouring 
built 
such 
tral er 
popul 
man 
up TO 


mant 
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Yet great piles such as that so vividly 
painted in these immortal lines are not 


¢ 


the most copious expression of surface 
voleanic activity. In Iceland in 1783 a 
fissure 20 miles long opened in the eartl 
and lava poured out quietly at many 
points throughout its extent. This was 
but one of a series of similar incidents, 
some historic and some of vast antiquity, 
as a result of which an enormous thick- 
ness of lavas has there accumulated. In 
the great plateau of India that looks over 
the Arabian Sea from the Western Ghats 
a series of lavas with a total thickness 
as great as one mile is spread over an 
area of some quarter million square 
miles. Our own Columbia and Snake 
River lavas are of comparable extent and 
thickness 

But even such inundations are insig 
nificant in volume compared with the 
great masses of molten rock—magma, as 
it is usually called by geologists—that 
have invaded the outer layers of the 
earth without actually reaching the sur- 
face, and have there cooled slowly and 
erystallized to a solid rock. After long 
ages of erosion the rock cover of many 
such masses is removed and igneous rock 
of a deep-seated variety is laid bare. In 
the Coast Range of British Columbia and 
Alaska there is a body of that kind some 
1.200 miles long, more than 100 miles 
wide and of unknown but necessarily 
great depth. Volcanic activity is the 
mere froth of igneous activity, and the 
term, froth, is used advisedly, for it is 
often the expansive force of gases sepa- 
rating from solution in the magma to 
form bubbles that causes lava to flow out 
upon the surface. For these reasons I 
introduced you first to the deep-seated 
rocks rather than to their more showy 


relatives. 


When the igneous roe 
voleanie, are examined 
found to exhibit grea 
‘al, el} emica ind ninera 
ters. The lava of Pelée was so 
was pushed through the voleanie 
a rigid spine which stood more than 
feet above the crater The 
Kilauea is charae 
differences are connect 
of mineralogical an 
tion. Indeed, petrolog 
to hundred 


a result of detailed study 


ioneous rocks 1M) 
eral and chemical characters. Thi 
of this diversity is the fundament 
lem of the igneous rocks 
argued. and with some 


ultimate cause of igneou 


the fundamental problem 


causes are as elusive here as they 
all natural phenomena. We tur 
fore, to the more tangible problen 
possible, of course, to assume that 
ent rock types have come int 
through special acts of creation 
they have always existed as distir 
ties from the beginning of tim: su 
petrologist finds such assumptions 
unsatisfying, not solely on genera 
ciples, but because his studies reve 
different rock types found in ass 


with each other often have certai 


eral characters in common that poi 


; 
? 


a family relationship and dis 
them from other associations that 
other peculiarities. The natura 
sion reached by the petrologist 
the individual members of any on: 


have come from a common source 


that source is judged to be 1 ¢oml 


parental magma. From this magn 


1 


is supposed that the several rocks 


association have been derived thr 
the operation of the several physical 


physico-chemical processes the mag 


may conceivably have undergone d 


its career as a liquid mass and also 
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4 . f - " . 
ne iongYg perlo¢ I Siow COOL] 


+ 


h it changed from liquid magma 
stalline rocks It is he task of the 
rologist to ferret out these processes 
to attempt to evaluate their relative 
ortance 
The petrologist has acquired a great 
of information about rocks as suel 
this information must ever form the 


; 


kground of any investigation of the 


‘esses concerned in thelr origin At 


+ ] ] 
tudes of the roeékKs then 


same time st 
ves are WiIT!l respec 
CeSSeS distinetly po 
‘Iv true in 

ep-seated varieties whic} 

en cold and dead 


‘ 


ne’ aves oO erosion required tor 


xposure a he surtace Lavas, 
riace equivalents, present some little 
portunity for the study of live magma 
but they are dangerous playfellows and 
r best acquaintance even with them is 
s cold rock. All in all, studies of the 


natural materials, live or dead, raise 


ore problems than they solve. and m 


‘OmMmposit 
LABORATORY ATTACK vidual m 
In the (reop! vsical Laboratory of the posed and 
‘arnegie Institution of Washington we Physic 
ive sought to throw light upon the gen latter 
‘al problem by bringing to bear upon it 
e methods of the experimental sciences 
‘he principal direction the investigation 
is taken is that of hich temperature Cerimina 
esearch upon rock materials. There is ecatse 
othing new in such investigations. For other of 
century before the Geophysical Labora ual substi 
ry embarked upon its program, at dant cond 
mpts had been made to study the one form 
ehavior of rock materials at high tem criterion 
peratures. These were, to be sure. some but only 
what desultory and diffuse, but it was _ trolling 
not principally from this cause that little mined by 
abiding value was accomplished. The geolog 
Rather was it that. apart from a few thus concer 
notable exceptions, most work of this — be ealled the 


kind was designed to imitate as closely The phys 
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FIG. 2. LAVA FOUNTAINS IN 


problem his knowledge of high-tempera- 
ture technique with all that it implies. 
He must develop suitable apparatus for 
the obtaining, controlling and measuring 
of any temperature that may be required. 
The physical-chemist furnishes the ther- 
modynamie theory that is absolutely es- 
sential to the prosecution of such inves- 
tigations. The petrologist, primarily a 
geologist, contributes the natural-history 
setting already mentioned as required of 
the geologist, and with it a visualization 
of the broader problem and the capacity 
to analyze it into sub-problems. He 
should be expert in the application of 
the methods of erystal opties to the iden- 
tification of his synthetic minerals, and 
should know that, when these methods 
fail in minutely erystallized substances, 
he ean still turn to x-ray analysis. 
Ideally he should have a good working 
knowledge of all the other activities men- 


Photo by 
THE LAVA LAKE OF KILAUEA 


tioned and be capable of conduct! 
investigation involving the use of 
them, though he will, of course, req 
the frequent cooperation of a coll 


expert in one of the branches. In s 


he should be a jack of all trades 
master of some, a desideratum that 

tolerance of his shortcomings At 

duty is likely to fall to his 


¢ 


interpreting the results of 


his assoc 
to geologists who specialize 
branches but wish to keep abrea 
progress in all branches. It is i 
no light task. When he acquires 
additional duty of interpreting 
publie at large, his cup is to be rega) 
as indeed full. 


MATERIA PETROLOGICA 


The natural setting of the ign 


rocks and an indieation of the gene) 


problem they present have hitherto 
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lour attention. Their chemical and 


ralogical characters will now be 

ribed compares 

\s you know, there ar 
ntal chemical substances or 


»ninety-two Tul sideral 
ele 


ts. ‘A man-made ninety-third has 


announced, but scepticism prevalls 

irding it, and usually is supposed 
} ] 

the POSSLD ef LIST IS 


with ninety-two 
Now there seems no escape 


that all substances 


lete 


m the conelusion 
r upon the earth, ineluding even tl 

sphere and the material parts esses 
ng organisms, must have their ult NlasSes 
In the igneous body of copper 


source 


We should expect the igneous 


of reeoy 


Tam 


ks to contain all these elements, but if 


+ the vreat Would 


ey do. the proportion of 


jority of them IS SO Silla 


ll that they then 
scape detection by the most sensitive processe 
A great many others are pres 


thods res are o 


in such amounts that they are dete) 


ned only by most careful work. Only 


ght elements occur in rocks in an 
; ortion 
mount exceeding 1 per cent., and here “ on 


must be remembered that we speak of 


«ks on the average and not of what may 


elements ¢ 
as oXVvenated 
analvsis of a 


found in an individual specimen. In 


terms of 


lable I the ten most abundant elements 
than as the el 


average compositl 


\VERAGI 


Magnesium 
ritaniun 


Phosphor 


in the order of 


the rocks are listed 
irabundance. They make up 99.4 per 
ent. so that the other eighty-two total 
y 0.6 per cent. To these ten have bee: 
led four others, not because they are 


xt in order of abundance but for the 


rpose of indicating how smal] are the 


unts of some ever\ day substances 
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FIG. 


AVA WAS PUSHED THROUGH THI 


THE WASHINGTON 
It will be noted that in both tables chemi- 
eal symbols are given in addition to the 
name of the element or oxide. Thus in 
Table I the symbol for oxygen is given as 
QO, that for iron as Fe, and so on for the 
In Table II the symbol 


for lime is given as CaQ, of silica as SiO., 


other elements. 
and so on. These symbols convey to the 
chemist not only the character of the sub- 
stance itself but 
tions in which the elements are present 
Thus CaO indicates the 


also the exact propor- 
that make it up. 
combination of one atom of calcium with 
one atom of oxygen, and since the rela- 
tive 
exact percentage composition of lime is 
given when its formula CaQ is given. 
Similarly, the formula for silica, written 
SiO., tells the chemist that two atoms of 
oxygen are combined with one atom of 


weights of the atoms are known the 


silicon and he again knows the exact per- 
centage composition by weight. It is 


important to bear these facts in mind in 


preparation for an understanding of the 


THE SPINE OF PELEE 


LACROIX 


ro FORM 


AFTER 


VOLCANIC ORIFICE 


MONUMENT ON THE SAME SCALE. 


more complex formulae that rey 
the composition of minerals. 
discussion 
Table I] 


average 


Following the 
little need be said of 
ous rocks, taken on the 
oxides occur in amounts in excess 
per cent. and they total a littl 
per cent. All other oxides, toget 
other types of compounds, thus mal 
less than one per cent 

An igneous magma may be regat 
a mutual solution of the severa 
listed in Table II. No doubt the 
in large proportion, already com! 


Just thes« 


into compounds. what 
pounds are we can only surmise fr 
indications given by the crystalline 
pounds when they solidify, but of « 
knowledge of the state of combinat 
the liquid there is none. 
liquid magma is cooled so rapidly 
no crystalline minerals are indiv 
The liquid simply becomes 1 


and 


ized. 


and more VISCOUS as it eools 
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becomes a rigid substance Known 


olass Such natural glasses are 


nably common. The most common or KAIS 


sidian, which will be known to many — potash fe 
uu through its use by primitive races soda con 
arrowheads and spearheads, espe NaAISi.0 
vy where flint was not available spar 

is when magmas cool slowly and You w 
vidual minerals are formed that they _ first acqua 
their most interesting product, the | 
stalline igneous rocks. The list of 
erals that have formed in all the 
ous types of igneous rocks is a rather 
¢ one, but, as with rock oxides, only a 
are of great quantitative importance 
‘ause Silica, S1Y., 1s present in suc! 


; | } 


ponderance the mineral compounds 


rmed are tor the mos 


+ 


part silicates 
vill now be our task to examine some fundamenta 
closely the common rock-forming — the light-colored 
we have Just dis 
may take as a simple example of a portant, indeed the) 
‘ate the mineral formed when lime tant of all rock 
and silica, SiO,, combine in unit the feldspars tl 
portions. The compound CaQ- SiO hich Iso 
ilts. It may be written alternatively » sha 
asiQ) In either form it tells the chem ored minerals o 
st or mineralogist the exact relative pro rocks as a wh 
portions of calcium, silicon and oxygen varieties 
ntained in it, or, if one prefers, the may be preset 
‘T proportions of lime and silica A these 
ple mineral of this composition is We turn 1 
wn in rocks, but only doubtfully as stituents of 
i@neous-rock mineral There are minerals ar 
sually other compounds present in a 
magma that ally themselves with CaSiO 
give a still more complex mineral com 
und When Al.O,-SiO., or, alterna 
vely AlSiO.. is present, as it is in most 
magmas, there is formed the so-called 
alumino-silicate CaOQ- SiO,- Al.O S10, 
as it may be written, CaOQ- Al,O 
2510, or again CaAl.Si.Q,. This is a 
very important mineral compound in 
igneous rocks, constituting one member 
of the group of minerals called feldspars 
lt is known as lime feldspar. The two 
ther feldspar-forming compounds are 
cewise alumino-silicates but are much 
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for that reason. Several mineral groups its mineral composition 
are represented and their chemistry is Table IV Although thi 
very complex, but the name, ferromagne 
sian minerals, which is often given to 
them as a whole, is a convenient and apt 
general term. The iron oxides and mag 
nesia are prominent constituents of the oe erie 
dark minerals. They are absent in mem Soda Feldspar 


bers ot the licht colored Class previously Potash ke ldspat 
Pyroxene 


Magnetite 


cliscussed 

Of the ferromagnesian mineral groups 
the olivines, vyroxenes, amphiboles or 
hornblendes, and micas are those of im- 
portance in igneous rocks. The olivines average igneous rock mat 
are the simplest. The magnesian olivine cated in that table is a useful « 
is 2MeO- SiO, or Me.SiO, and the iron guard you against any false 
olivine 2FeO- SiO, or Fe.Si0, The you may gain from it lf 
pyroxenes as a group are richer in silica go about to examine rocks 
and in them lime becomes an impor to find that all or nearly all sp 


tant constituent. Their most prominent You encounter will have a miner 


silicate compounds are CaQ-SiO,, position approaching 

MeO SiO, and FeO > SiO The amphi this average you have a 
boles are closely related to the pyroxenes 1" store for vou. You wil 
in composition and are made up princi some igneous rocks there Is no q 


pally of the same compounds The micas others it may amount fo some 
are most complex in character in that Cent. Some rocks are made up ent 
they are rich in iron oxides and magnesia of olin ine yet the majority of r 
but at the same time contain much potash '#!n no olivine. Moreover 
and alumina, oxides that find their great- !0MS are not o! random chara 
est prominence in the light-colored min- example, — acm rock — 
erals. Water is an essential ingredient ™ always rich 7 alkali aaoepe 
of both amphiboles and micas. In addi- "®Y®? 1 lime feldspar What 
tion to the iron-bearing silicates, iron —_ underlying sued —— 
oxides as such are represented among the dencies and why are there differ - 
dark minerals, the most prominent being CARTIONS | his is the problem 
magnetite, Fe,0,. whose solution our laborator) 
The information regarding minerals ‘'"* have been directed 


that has just been detailed is presented LABORATORY METHODS 

in tabular form in Table III In the brief mention of the 
This general view of the mineralogy of types of investigation that ar 

the igneous rocks is necessarily very in to bear upon the problem no deta 

complete, vet it may afford an acquaint method were given nor can they be 

ance with them that is adequate for a here. Laboratory operations a 

general appreciation of the problem pre processes and are best examined 


sented by them. If we turn now to the life. The details of methods ma) 


average igneous rock whose chemistry fore be taken for granted and a d 


has already been discussed we find that sion of results may be proceeded w 
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ResuLTS OF HigH-TEMPERATURI 
INVESTIGATIONS AND THEIR 
SIGNIFICANCI 
it has been possible, in some 
‘to gild the philosophie pill 
yw come to a pill upon which, as 
an find, no coating will take Ln 
to down it, it is perhaps desirable 
ypt the principle of divided doses 


shall break up the pill and take only 
r three small fragments now. Those 
feel they have derived some benefit 
from may administer to themselves The F 
er doses at some future time ment 

lhe presentation of the results of ther be prepared 
studies of mineral compounds fills ‘orms 
sands of pages in scientific period 

s devoted to that and related matters 

iddition, the theory of the subject and 

graphical methods of presenting the promptly 
Its that have grown out of that the wit] 

are, in themselves, studies which = from 
scientific men have made a life’s  distinet 
It is no simple task to select from used for 


+ 


a mass of material a part that may eyished 


liseussed in a few minutes, vet shall cooling 


a fairly representative sample of the above 573 


i3 
le and at the same time give some in takes place 
t into the graphical methods in com temperature 
n use in that connection Man can do ties such as 
his best power there 
A selection has already been made 
m rock minerals of those that are of 
tstanding importance. It will be to 
thermal studies of these, or rather of 
some of these, that attention will now be 
irected. In the general plan of attack 1713 


has been the practice to study single temperature 


IS 


xides first and then to proceed to more — |iquid is t] 


mplex mixtures. Of the oxides, silica The ch; 
S10, is by far the most important, oceut 
ring as it does in combination in nearly 
rock minerals, and also free as the 
neral quartz, one of the more impor 
t of the livht-eolored constituents 
shall, therefore, select the oxide of 
‘on, SiO., as that oxide whose thermal 


perties will receive special discussion 
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when the crystals are formed 
although quartz is the stable 
these temperatures. The second | 
that quartz in either the hig! 
modification forms only at the té 
tures at which it is stable and n¢ 
high temperatures 

Now what do these laboratory 
tell us about rocks? In the first 
they make it clear that if primary 
is present in a rock its erysta 
from solution in the silicate lig 
plaee below 870°. On the other | 


tridymite or cristobalite is pres 


] 


a a ae F can not be sure that it erystal 
40 20 30 40 SO 60 7O 80 Sod 870°. Moreover. althoueh all 





bo 





Lime a 
Feldspar Feldspar found upon examination 
perature to be low quartz 
there are criteria whereby it car 
tained in some cases whether it 
tallized above 573° and then char 
low quartz upon cooling or, on t 
hand, had simply erystallized dir 
low quartz and therefore at temper 
helow 573 

What we actually find in igne 
is that quartz is almost universa 
form in which silica appears and 
dence is clear that it formed prin 
quartz and not as a secondary pi 


transformation of cristobalite an 





, mite. It is, moreover, frequently | 


50 to show that the quartz had fo 








Fig. 5 a) THE MELTING DIAGRAM OF MIXTURES been the high temperature variety 
OF LIME FELDSPAR AND SODA FELDSPAR SHOWING , 
: we learn that the quartz of mos 
THE TEMPERATURES AT WHICH EACH MIXTURE IS : 

noeke s > TOT ot or ite 
COMPLETELY LIQUID, PARTLY LIQUID AND PARTLY rocks and especially of granite 
CRYSTALLINE, AND COMPLETELY CRYSTALLINE. monest igneous rock, crystalliz 
(b) THE SAME, SHOWING THE COMPOSITION OF the molten mixture between 870 
THE CRYSTALS FORMED FROM EACH LIQUID. DUR EEO 1 . 2 ; ; 

73°. It is frequently possible 

ING CRYSTALLIZATION THE RESIDUAL LIQUID AP 7 * ‘ 

P P . a 14 f sy 
PROACHES EVER CLOSER TO THE composition or also, that the quartz of minera 


SODA FELDSPAR. associated with igneous rocks as an 
effect, never had been high quart 


| | - therefore that it formed below 573 
\ “eT “tle ve y wnen so . . ’ — ° 
show certain changes of form r r Mirtures of Silicates: This dis 


quartz. Cristobalite and tridymite do 


‘ooled, but these nee concern 1 , her > mee 
cooled, bu ese need not conc 'S of the modifications of silica will se 


here. Two other points of major signifi- 
1 Certain corrections of small magnit 


a 


cance do require mention. lhe first is quiee te he eagle’ to thaee valou 3 
that either tridymite or ecristobalite can crystallized under high pressure, but this 


form at low temperatures, especially can not be discussed here. 
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the kind of informat 
the 


thermal investigat 


Atter 


compounds such = as 


ed from 
le oxide oxides are ex 


simple 


SiO, are next attacked, then more 


ex compounds, such as CaO’ A 


and finally mixtures of 


I Thus we approac! m 
are related to actual rocks 
already deseribed being. in 
of quartz, a very important repre 
| ‘olored constitu 


the light 


tive ot 


ts, we shall now turn to the results 


ned in mixtures of the other promi 
ight-colored constituents, the feld 
‘aQ- Al.O 
and soda feld 

at 1122° C 
mix 


feldspar, { 
melts at 1950° C 
Na.O- Al.O 


are the melting 


Lime 


bS1i0) 
relations in 
es of these two These have been 
ermined and the results are presented 
wrammatically in Fig. 5 (a) and (b 

the diagram temperature is plotted in 
vertical direction ; the higher up we go 
mm the base of the diagram the higher 
Composition 
At 
eft of the diagram we have pure lime 
at the feld 
between per 


three the 


temperature indicated 
s plotted in a horizontal direction. 


Ispar, right, pure soda 


spar halfway we have 50 


nt. of each and fourths of 


stance over to the right we have three 
7 feldspar, 


irths { 1D per een} soda 


‘h means of course that we have one 


ith (25 
The nearer we are to the soda feldspar 
side the more of that compound there is 

The nearer to the lime feldspar 


per cent.) of lime feldspar. 


present. 
side the more lime feldspar there is pres 
ent. The diagram as a whole shows, then, 
the exact values of the melting points of 
the two feldspars and the exact melting 
interval of all mixtures of them. Thus 
we read from it that the mixture contain 
ing 50 per cent. of each begins to melt 
and the melting is complete at 
or, if we are cooling it from a high 


at 1287° 
1450 
temperature, such as that represented by 


ROCKS 


| quit 
moves 


; 


"1 ; llis ; 
‘rVstalilza 
perature 
be given 


] 
; 


mit to 
comp SIT 


provided 


pe nded 


hand, 


moved from 


will eontinue 


IS, towards Soci 
limit to this 
cept the 


seribed. wv? 


pure 


kind Ol 


are continually 
tional erysta 
this diagr 


iine d 
ago | 


that fractional crystallization 


struck drast 


was 
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duce in these feldspar mixtures. If we 
had a liquid mass of such a character in 
nature, and if during its erystallization 


the crystals sank under the action of 


gravity, then, in the part of the mass into 
which they sank there would be strong 
and the 
‘ould he 


soda feldspar to the 


enrichment in lime feldspar 


liquid from which they sank 
near 


is the 


enriched in 


exclusion of lime feldspar. This 
that 1 


tvpe of relation actually seen in 
the members of an igneous-rock grouping 
in nature, in so far as their feldspar con- 
tent is concerned. No natural magma is 
as simple as this pure feldspar mixture 
and many other effects must be going on 
at the same time as that described, but 
with this promising indication in mind 
it seemed desirable to push on from the 
feldspar mixture to other mixtures of 
such composition that they would throw 
light on these possible concomitant 
effects. 
vestigations has been instituted, each de- 


to add 


Accordingly, a long series of in- 


signed its quota of information 


MONTHLY 


bearing upon 
crystallization in sil 
natural maemas ever In 


many have been 


completed, se 

how In progress and definite r) 

afoot for many mort 
Remembering that 

subject of the light 


That we 


rocks and 


and the lime-soaci 


quartz 
mav now turn to the ot 


ent of outstanding 
potash feldspar sO 
lations of potash 
investigation, but eno 
to give a clear picture 
relations resu 
potash 
plex reli 

soda feldspar, neverthe 


that fractional ervst 
duce there is no ore: 
tures containing a 
soda feldspan and potas 
continually concentrate 
liquids during fractional 
This is again in accordance 
ciation tendencies 
series and we m: 
effect in natural r 


tallization unless we find 


eonstituents of rocks modify TI 


so drastically that the corresp 
found, apparently very signific 
our information is only 
out to be 


when our information is 


partia 
turn mere chance col 
more col! 

These other constituents are, « 
the dark minerals. and to these 
turn. 


The 


dark 


Dark-Colored Constituent 
minerals of rocks 
the 
Of all the elements that occur in r 


are, as 
mentioned, iron-bearing min 
an average amount greater than 


4 


cent. the element iron is the mos 
tile. 


iron 


It occurs in three ways, as n 


itself, which is rare, and 
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are abundant 


wxide, FeO. occurs on 


Is. wherea 
s both as sucl s compounds 
xide, magnet Is conven) 
ré varded as a Ce ‘OuUS 
ferric oxide, for writte) 
Fe All tl mmmon ele 
ts occur In? 


Oc¢cKS ONIV In tl 


e oxidized 


and as only one oxide 


e versatility of iron proved a stum 
¢ block in the investigation of iron 
ites, and Tor long 


" tTe,;l 
\ TeSISTE 


vears The ] a 


mpts to solve 


blems by labo 


rv methods 
ne?’ Tie 


To keep tl 


niv necessary 
But ti 


entirely 


‘ 


Keep 
Ith 


most important Torm 


compounds, Is 


matter some 1 


a 


ad the good fortune to find a met 
investigating the ferrous silicates tha 
tirely satisfactory Since then sys 
ms have been investigated which throw 
ight on the iron-bearing olivines 
pyroxenes Before it had beer 
ind possible To l 


Invest 1 


ivate these 1rol 
iring minerals, a great deal had been 
rned of the equilibrium relations of 
non-ferrous compounds that 


entel 
the dark-colored minerals, that 1s, 
r lime and macnesia 


‘compounds, and 
cially ol lme-magnesia pyroxenes 
ps roxene had 


lime-soda 


reover, lime-magnesia 
en added to the feldspar 
es and equilibrium rel is deter 
ed in these complex liquids contain 
¢ members of the light-colored minera 
ips and also members t 


dark-colored 


hat enter int 


mineral groups. De 
S Can not he civen. but some concept 


the results may be gained from the 


ingular diagram, Fig. 6. In this the 
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But still we have not mentioned how 
the ferrous ingredients of the dark-col 
ored mine rals the very ingredients that 
make them dark—come into this picture. 
As vet the relations of the iron-bearing 

have been determined only 
within two mineral groups (olivines and 
pyroxenes Mixtures of them with 
light-colored feldspar constituents 
have not yet been studied. But in the 
olivine and pyroxene groups themselves 
it is found that the iron-rich member 
bears the same relation to the other mem 
bers as does soda (or potash) feldspar to 
the lime feldspar. This fact is illustrated 
in the case of the olivines, by their melt- 
ing diagram (Fig. 7), which is of exactly 
the same form as the feldspar diagram. 
In other words, in the dark-colored min 
eral groups, taken by themselves, there 
is a tendency for the liquid to become 
continually enriched in iron compounds 
during fractional crystallization just as 
there is a tendency toward alkali feld 
spar enrichment in purely feldspathic 
liquids. Therefore the question now 
arises: What will the net result be if 
these two effects occur in a single liquid 
of complex composition ? We can not 
get a residual liquid that has 100 per 
eent. alkali feldspar and also 100 per 
eent. iron silicate. What balance is 
struck between these effects? The full 
answer to this question will be given only 
by experimental investigation, most of 
which is still in the future but some of 
which is now under way. In the mean- 
time we can, however, be confident of this 
much, that if erystallization-differentia- 
tion is in control, there should be a hich 
ratio of alkali feldspar to lime feldspar 
in rocks that form from residual liquids, 
and at the same time a high ratio of iron 
compounds to magnesian compounds, al- 
though we can not yet say what the abso- 
lute value of either should be. In point 
of fact rocks do show that a high ratio 
of alkali feldspar to lime feldspar goes 


hand in hand with a high rat 


compounds to magnesian comp 


The trail we have been fo 
pears to be most promising. We 


tified in pursuing it further 


BY-PRODUCTS 


It has been mentioned Thal 
the most useful metals and oth 
substances are present in 
small amounts in their source mat 
the igneous rocks, and that, wer 
for their local coneentration 
bodies, many oft them would be ‘ 
curiosities rather than familiar 
day substances. It is a fact 
tion, too, that certain metals tend 
association with cer 
and others with other types, a 


which makes it clear that the facto 
trolling the derivation of rocks a 
trol the broader distribution of \ 
metals. More than this, the forma 


tt 


actual ore deposits is an afte 
igneous processes and after-efl 
not be thoroughly understood 
full knowledge of the processes t 
cede them and develop into then 
portant aid in the location and 

tion of ore deposits is, therefore 
outcome of increased knowledge: 
processes of derivation of igneo 

The more tangible and more imn 
practical utility of thermal st 
rock-forming oxides and silicates « 
from the fact that these mate 
widely used in a great variety 
trial processes. 

Refractory (heat-resisting) subst 
are essential to such processes 
forming oxides, notably silica, a 
and magnesia, and a few simple con 
tions of them are the principal refr: 
substances. They are therefore 
the materials of crucibles, furnac 
ings and many of the structures v 
is necessary to set up in the activities 
nected with metallurgy, glass-n 
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ement manufacture and the pottery and 
eramiec industry in general. Accurate 
knowledge of the thermal behavior of the 
individual oxides and of the manner and 
legree in which they flux each other 
en used together is absolutely essen- 
| to the most efficient practice in such 
ndustries. In all but one of those men- 
tioned the actual products themselves are 
silicate compounds ; in fact, these indus- 
tries are sometimes grouped together as 
the silicate industries. Even in metal- 
Irgy, 


id 


rg where the products won are 
metals, the slags used to flux away unde- 
sired substances are always silicate melts. 

Upon all these matters our carefully 
controlled laboratory investigations fur- 
nish information of the utmost practical 
value. There is a constant flow through 
ur laboratories of men engaged in the 
industries. They come to observe our 
methods, to obtain further information 
upon points not stressed in our publica- 
tions or simply to express their apprecia- 
tion. The discovery of mullite, a silicate 
of alumina, and its identification as the 
‘rystalline substance formed when clays 
are heated has, in itself, placed in a new 
light the whole subject of refractories 
formed from clays, which include fire 
brick, refractory porcelain and even 
every-day porcelain and pottery. Soviet 
Russia has had the first of the series of 
papers upon ferrous silicates translated 


into the Ru 


use in the many 
tories establis] CU { 


government. 
The 


slags, refract 


great body of information 
ories and the like is an 
dental product of our studies, yet 
is little doubt that the value of thi 
the 
will, applied through the years, great 


formation to steel industry 
exceed what we received from that ind 
try through the generosity of ‘‘the litt 
iron-master.’’ 


CONCLUSION 


But we must not let these side-trails 


lure us from the direct, if untrod, 


to our goal. 


path 
We seek a real understand 
ing of the genesis of igneous rocks, and 
+ 


our path must lie in a broad program o 


sustained research. A decade or two 
more may bring us to a point wher 

ean reach 
hypothesis of 
and 
other processes have cooperated in 
ducing rock diversity. 


vestigation of these processes will then 


adequate appraisal of the 
fractional crystallization 


I 
W hich 


ean visualize the extent to 
pro 
Laboratory in 
be in order. Progress will be slow 
There will be pleasant views but nothing 
for it is no 
But through 
it we may gain increasing knowledge of 
our Mother Earth 


spectacular along the way, 


stunt-and-gadget program. 





MATHEMATICS IN BIOLOGY 


By Dr. REGINALD G. HARRIS 
DIRECTOR, THE BIOLOGICAL LABORATORY, COLD SPRING HARBOR 


I 

Is it likely that mathematics, applied 
to biology, can be of appreciable value 
in the further development of that 
science? 

This is an intriguing question. It is 
neither wholly historical nor wholly 
theoretical. It is at least both. 

Some thirty years ago biology took 
a noticeable tack in the direction of 
mathematics. Biometry was the port of 
destination for many ships. Many 
others used it as an important port of 
eall. Indeed, such an outstanding cap- 
tain as Davenport spent time and energy 
in writing a book on mathematics for 
the use of biologists. 

The rediscovery of Mendel’s law no 
doubt had much to do with all this. 
Here was a direct and outstanding case 
in which one of the most fundamental 
phenomena in biology was found to take 
place according to the simplest mathe- 
matics. If one crossed a plant produc- 
ing wrinkled peas with one producing 
smooth peas, all the hybrids would pro- 
duce only smooth peas. But if one self- 
fertilized these hybrids it was found that 
on the average three plants produced 
smooth peas and one wrinkled. Further 
investigation of this second filial genera- 
tion showed that two of the three plants 
that produced smooth peas were hybrids 
like the parents. One was not a hybrid 
but was like the smooth grandparent, 
not only in appearance, but in heredi- 
tary make-up. Thus the famous 1: 2:1 
ratio of Mendel. The finding of such a 
ratio governing inheritance in living 
plants and in animals would naturally, 
and did, stimulate not only research in 
genetics, but the use of mathematics in 
biology. Could any find have been hap- 
pier for this twofold purpose? The 


ratio 1:2:1 sits in one’s mind like 
toddy in one’s stomach on a zero day 
And if you wish to be completely « 
vinced merely say 1: 2: 1 aloud, part 
larly before an audience. 

But such is life that its continued 
observance, up to a certain point at least, 
seems to make it more complex rather 
than more simple. Such a large number 
of the skippers in the race saw the fu 
sails of the then few genetics yacht 
that there was a general movement 
that direction until hundreds of yachts 
were taking advantage of the freshening 
breeze Mendel had found. Under suc} 
conditions it is not surprising that in 
the last thirty years the course followed 
by these boats has become fairly w 
charted. This charting has led to t 
discovery that the 1:2:1 ratio is the 
exception, rather than the rule; that, in- 
deed, there is no general mathematical 
rule. Gradually research in modern 
genetics has been moving away fron 
quantitative study and expression. Th. 
simple algebraic formulae of a coup 
decades ago are almost wholly absent 
from the literature. Genetics, upon 
coming of age, has become more and 
more qualitative. A large impetus in 
this direction was given by the discovery 
that mutations could be induced by 
x-rays. With the recent discovery of t 
suitability of the salivary gland chrom 
somes of Drosophila, the present leaders 
of the race are well-nigh all using 1 
same new qualitative spinacker. No 
wonder, for it is a marvelous experience 
to actually see the locus of a gene di 
ficiency in a chromosome. 

Biology’s most quantitative, n 
hyphenated subdivision can not become 
qualitative without a serious repercus 
sion in the whole science of biology 
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Furthermore, the process of genetics’ 
becoming qualitative has perhaps not 
been so sudden as I may have implied. 
Already fifteen years ago, I remember 
hearing a leading geneticist quoted as 
saying, ‘‘ Biomathematics is a snare and 
a delusion.”’ 

It was even then obvious that while 
the inheritance of single, relatively un- 
important characteristics might be easily 
amenable to simple mathematical pre- 
diction, fundamental physiological life 
processes did not seem to fall within the 
group. The factors involved appeared 
to be so many as to be beyond the simple 
statistics and probabilities of a biological 
laboratory. Furthermore, there was a 
growing question among geneticists of 
how far it was desirable to extend the 
knowledge of the inheritance of rela- 
tively unimportant characteristics. It 
was no longer startling news to find that 
inheritance of a given character in one 
animal or plant was similar to, or dif- 
ferent from, that in another animal or 
plant. 

Added to this, the idea of emergent 
evolution received appreciable attention. 
It was pointed out that two organisms, 
bred to each other, might produce an 
offspring which was neither the addition, 
nor a mosaic, of the two. It was further 
stressed that similar happenings were 
characteristic of all nature, inorganic as 
well as organic. Thus two gases, hydro- 
gen and oxygen, when united in the 
right way, gave a very different third 
thing, water. And so on indefinitely. 
Now that heavy water has been dis- 
covered, perhaps the case is even more 
striking. 

There are other important examples 
of the decline of mathematics in non- 
hyphenated biological sciences. The de- 
cline of physical anthropology is out- 
standing. Its offspring, growth of man, 
a study which has been extended until 
it includes the simplest animals and 
plants, is an excellent case in point. 

Obviously, one very direct way of 


studying growth is 
tatively. It is a very 


fTOWLN OT a 


make measurements of the 


plant, or parts 


person, other animal, 
of any of these. Such measurements nat 
urally lend themselves readily to ex 
pression in mathematical terms. They 
give material for studies in an important 
part of the theory of probability t 
tics, including sampling, correlatio 

The data on growth are so 
numerous and so quantitative as to in- 
vite the attractive mathematical exer- 
cises of curve-fitting and the writing of 
formulae. 

Such obvious possibilities have been, 
of course, irresistible. Many of the sail- 
boats of mathematics-in-biology have 
steered their course to take advantage 
of the strong breezes coming from 
studies of growth. One might think that 
such strong breezes would put the mathe 
matics-in-biology boats well in front. 
Almost the opposite has been the case 
Indeed some of the leaders in this partic 
ular race have nearly come to the con- 
clusion that they are caught on the edges 
of an air-pocket. They begin to believe 
that the breeze, though strong, is cir- 
cular; that they are going nowhere at 
a fast clip. 

This probably is the reason for Pro 
fessor Edwin B. Wilson’s' remarks in 
Volume II, Cold Spring Harbor Sym- 
posia on Quantitative Biology (1934). 
**One may orient oneself by some axioms 
or platitudes. I. Science need not be 
mathematical.’’ ‘‘II. Simply because a 
subject is mathematical it need not 
therefore be scientific.”’ ‘‘III. Empiri- 
cal curve fitting may be without other 
than classificatory siqnificance.’’ ‘‘IV. 
Growth of an individual should not be 
confused with the growth of an aggre- 
gate (or average) of individuals.’’ ‘‘V. 
Different aspects of the indiwidual, or of 
the average, may have different types of 
growth curves.’’ 


dispersion. 


1Cold Spring Harbor Symposia on Quantita 
tive Biology, Volume II, p. 199, 1934. 
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These last two headings are particu- I] 
larly based upon Davenport’s work and The picture is indeed rat! 
conclusions. In the same volume Daven- pressing. But, to quote Professor W 
port® recalls some of these conclusions. gon again, ‘‘One may orient ones 
‘‘Since the hypothesis of autocatalysis ome axioms or platitudes,” ond 
relates to individual growth and not adopt his admirable style, we may 
merely to mass statistics, and since no at something like the following. 
individual grows the way shown by mass I. Mathematics can not produce 
growth curves, Robertson’s conclusion gle generalities, laws or formula 
was based on incorrect premises, and biology when the data which 
had no validity.’” And further, ‘‘Were gre insufficient. The biological data 
there a growth-activating factor that earning crow ame were teecen 
acted on all parts of the body at the at oe =e ea 
same time we might lay more stress of a whole organism, or any part tl : 
upon the curve of body growth. But of are very numerous. very it 
we know that the different organs grow pletely understood or measured. 
at different rates and their maximum ome almost unknown. Growth is 
periods of growth occur at different goed one of the most complex express 
times. ’’ of life processes. Extensive us 

To make the case even more ¢on- mathematics as a means of finding 
clusive we might quote all the printed explanation of such a complex and 
discussion of Professor Wilson’s paper. completely understood expression wou 
The interested reader should certainly appear, 4 priori, to be untimely, save ; 
refer to it. This should be done with 4 pastime. j 
the realization that participants in Cold II. Mathematics is of value in 
Spring Harbor Symposia on Quantita- ery limited areas in which suff 
tive Biology are particularly interested data are at hand. Mendel’s 1:2: 1 
in the notions behind the symposia, im- was found to be the exception, rat 
plied in their name. With this in mind than the rule. for the inheritance of 
one gets a fair picture of a wide-spread  orez beasSiien iattmemtghable ol 
disappointment in the results of the use darko pepe poe ge amd ; 
of mathematics in the study of growth. without the simple mathematical state. 
The first sentence of Eric Ponder’s*® re- ment of Mendel’s work. and of other 
marks in the discussion is significant. early work in genetics, the unpree: 


‘*One point upon which there seems to be dented incentive to research = genes 
pretty general agreement is that there is little would have been lacking, as it had beer 
relation between the amount of work which has for hundreds of years. The obvious r 
been done on the mathematics of growth and gyJt would be non-existence of the im 
the clarification of the subject which has re- pressive modern body of knowled« 
—_— genetics. There can be no question t 

oy Pp. ron all this body of knowledge has as 

3 id., p. 201. ) . 4 

on scoradiens ithe tte Cid forebear Mendel’s simple mathematica 
the use of mathematics in biology, particularly law. 
in respect to biometry, is given in a note pub- III. Mathematical expression of 
lished in Science since the manuscript of this logical findings in terms of laws or « 
paper was first prepared. George G. Scott ane 
(Science, 81: 253, March 8, 1935) tabulated occupies the last place in the list, accounting 


the distribution of papers in biological sci- for 0.21 per cent., or 356 of the 169,744 papers 
ences for the past eight years, as determined Scott among his conclusions justly says, ‘‘B 
by 169,744 papers received in Biological Ab- etry appears to be in a state of real d 


stracts. From this it appears that biometry  sion.’’ 
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ons, gives significance to so-called nega- 


e findings. It is very difficult to 


recognize exceptions to an unexpressed 


law. In genetics, crossing-over, non- 
disjunction, deficiencies, multiple fac- 
tors, indeed the long list of terms and 
oneepts without which there would be 
no modern genetics, have no significance 
save aS exceptions to Mendel’s, or other 
simple mathematical, laws. The salivary 
eland chromosomes of Drosophila were 
The significance of 
upon 


observed years ago. 
the present qualitative 
them rests wholly upon exceptions to 
Mendel’s law. 

[V. Mathematics may serve as a valu- 
thle measure of the state of completeness 
f knowledge of a science or a part of 
1 science. The comparative failure of 
the use of mathematics in interpreting 
indicates 


studies 


findings in studies of growth 
the colossal mass of our ignorance in re- 
sauses of, and factors in, 
erowth. It should be an important 
stimulus to further work. Words often 
serve aS a presentable cloak for very 
incomplete knowledge. Mathematics, 
being of seantier material, is more likely 
to show the skeleton lurking beneath. A 
biologist may smile understandingly and 
benignly at, ‘‘and finally, this reaction 
may depend upon a few other factors 
the nature of which we do not under- 
stand at present.’’ He is likely to com- 
pletely disregard the statement, to con- 
sider the problem well-nigh solved and 
to turn his attention to something else. 
But let the same notion be expressed 
by 8 as the known, and f jon as the ‘‘few 
other factors the nature of which we do 
not understand at present.’’ The biol- 
ogist will now have reached the energy 
of activation. He will think, ‘‘The 
audacity of that one to assume that we 
will aecept an equation with three un- 
known variables.’’ He may even con- 
tinue with his work in an attempt to 
reduce the functions of these wariables 
to known quantities. 


spect to 


IT] 
In a very able and readable pap: 
Weaver,.* 
Reign of Probability,’’ 
in the introduction of hi 


few writing on 
**The 

Laplace 
*‘Théorie analytique des probabilités,’’ 


years ago, 


quote 


as follows: 

**Strictly speaking one may even say tl 
nearly all 
in the small number of things which we 
to know with certainty, even in the mathematical 


analogy, the 


our knowledge is problematical; a1 


are al 
sciences themselves, induction and 
principal means for discovering truth, are based 
that the 
nnected with this the ry 


‘ 


entire system o 


on probabilities; so 
human knowledge is ec: 


The fact that applied mathematics is, 
after all, only a matter of probabilities 
They 
are beset by complex problems in much 
of their 
face to face with unknown variables. In 


no doubt upsets many biologists. 


research, and are constantly 
such a working environment it would be 
pleasant to have some security to which 
one might turn as to rest billets. It 
would be most fortunate if the introduc- 
tion of exact sciences, chemistry, physics 
and mathematics, into biology produced 
billets. But it ean not, for 


reasons pointed out by 


such rest 
Laplace, and 
elaborated in clear detail by Weaver. It 
is obviously disappointing that facts, 
even in the most exact sciences, are based 
And disappointment 


4 


because too 


on probabilities. 


is even greater perhaps, 


much has been expected of the use of 
mathematies in biology. 

My personal opinion is very strong in 
favor of making every practicable use 
Probabilities 
are as useful here as elsewhere. Mendel’s 
1:2:1 ratio is itself, of based 
on probabilities. If one took a pod con 
four 
**pure’’ ** pure’ 
wrinkled—the probability of obtaining 
a 1:2:1 ratio four hybrid 
seeds would be very, very slight. But 


of exact science in biology. 
course, 


taining peas resulting from a 


eross of smooth with 


from the 


4THEACIENTIFIC MONTHLY. November, 1930, 


p. 464. 
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if one had a million such pods and grew 
all four million resulting plants, the 
chances of obtaining very approximately 
a 1:2:1 ratio would be very good in- 
deed. Such probabilities, if not all we 
need in biology, are certainly all we 
can expect. The fact that applied 
mathematics deals wholly in probabili- 
ties should in no way lessen its useful- 
ness to biology. 

There are numerous examples of the 
usefulness of mathematics in biology. 
In addition to its stimulating value to 
genetics, and its restraining value in 
the interpretation of studies on growth, 
which we have already mentioned in 
detail, a very pretty example is to be 
found in the history of research on the 
process of photosynthesis. 

It is known that in ordinary chloro- 
phyllous plants, such as_ sunflowers, 
carbon dioxide diffuses into the leaves 
through stomata, or holes, in one or 
both of the surfaces of the leaf. A dif- 


ficulty of the theory, when originally 
proposed, was that CO, diffused into 
leaves at a rate appreciably greater than 
would be expected from data of the rate 
of CO, absorption on an exposed, re- 


ceptive surface of known area. Due 
to attempts to explain this mathematical 
discrepancy the ‘‘diameter law’’ was 
discovered, largely as a result of the 
work of Brown and Escombe.® This 
law, involving diffusion gradients, is 
interesting not only to plant physiolo- 
gists, but to other biologists, chemists, 
physicists and mathematicians. 

The use of the theory of probabilities 
in biology has recently had a very lucky 
and impressive demonstration in the 
synthesizing of sex hormones from vari- 
ous other sterols*—a procedure which 
may be considered quite as mathematical 
as chemical. 

5See H. A. Spoehr, ‘‘Photosynthesis,’’ The 
Chemical Catalog Company, New York, 1926. 

6 See review by Charles E. Bills, Physiological 
Reviews, Volume 15, p. 1, 1935. 
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IV 

It would seem to be self-evident 
the history of chemistry and phys 
well as from the history of biology 
there is likelihood that applied n 
matics in biology can continue to 
appreciable value. I will extend 
farther, and say that it appears 
that one may expect sufficiently va 
able returns from a theoretical biolog: 
based on mathematics, to justify its birt 
and controlled nurture; this in s 
of the fact that there are plenty of 
amples of the failure of such a 
cedure in the past. 

Various opinions are held of theoret 
cal biology, its scope and purpose. Ar 
indication of one of these opinions n 
be obtained from the following remarks 
in a recent paper by Rashevsky 


If, however, we entertain the hope of finding 
a consistent explanation of biological phenomena 
in terms of physics and chemistry, this explana 
tion must of necessity be of such a nat 
the explanation of the various physical 
nomena. It must follow logically and math 
matically from a set of well-defined genera 
principles. The collection of experimental facts 
gives us a lead for the establishment of 
general principles. But the question as 
whether a phenomenon or a set of phenome: 
follow from a certain experimentally establis! 
principle is in general beyond the reach of tl 
experiment. Only in some very elementary cases 
ean a direct inference of that nature be n 
from a set of experiments. In the vast majority 
of cases the answer to such questions belongs 
to the domain of deductive science. No exper 
menting, no matter how careful and exhaustiv 
could have ever established that the variatior 
the mass of an electron with its velocity, a 
ing to the well-known Lorentz formula, 
consequence of and follows from, the gr 
experimentally established facts leading t 
principle of relativity of motion. The experi 
mentally established impossibility of observing 
absolute motion on one hand, and the exper 
mentally established fact of the variation of the 
mass of an electron according to a certai! 
mula on the other hand, would have constit 
two sets of unconnected facts. It required t 


7 Cold Spring Harbor Symposia on Quantita 
tive Biology, Volume II, p. 188, Cold Spr 
Harbor, N. Y. 





ithematical analysis by a theoretical physicist 

lemonstrate that the two sets of facts are in 
reality two different manifestations, two differ 
ent consequences, of the same general principle. 

In view of that said above it is only natural 
to assume that the lack of our knowledge of the 
fundamental causes of biological phenomena, in 
spite of the tremendous amount of valuable facts, 
is due to the lack of use of deductive mathe- 
matical methods in biology. This is being real 
zed more and more every year and these sym- 
posia are proof of this realization. But as 
there are no royal roads in mathematics, we 
should not expect this application of mathemati- 
cal methods to biology to produce miracles and 
to solve with one stroke all fundamental ques- 
tions. In theoretical, as in experimental, re- 
search a great deal of preliminary work is neces- 
sary before final results are reached. Besides, 
in its future development the theoretical research 
will have to go hand in hand with the experi- 
mental, and ask of the latter information which 
may not yet be available, and for which the ex- 
perimental scientist would even not have looked. 


There are certain statements in this 
point of view to which I find it not dif- 
ficult to subscribe. It is likely that at 


some time an appreciable number of life 
processes will be described in physical 


and chemical terms. These will then 
have been explained, provided physics 
and chemistry will have developed far 
and fast enough to provide the explana- 
tions. Even without bringing in analo- 
gies in physics one would seem to be 
justified in saying that deductive mathe- 
matical methods should have some value 
in helping us reach this stage. It is 
further pleasant to think of theoretical 
research asking information from the 
experimentalist for which the latter 
“would even not have looked.’’ There 
is a possibility that such questions might 
be very useful at times. There are ob- 
viously, however, difficulties in putting 
it in practice immediately upon a large 
scale. Even when Rashevsky applies it 
to cell division we find the following 
comment from Davenport :* 


I think the biologist might find that whereas 
the explanation of the division of the spherical 
cell is very satisfactory, yet it doesn’t help as 


8 Ibid., Discussion, p. 197. 


MATHEMATICS IN 


BIOLOGY 


; 


, 
a general solution bec 


the commonest form o 
all the P 


division ; 


ssible conditio 

cases whe 

mously with 

creasing in size 

any general way a 

or size in connection with 

the special cases of egg 
spheres, this analysis may prove 


But after all, these are only spe 


I 
To this Rashevsky*® replied 


I have insisted on several occasions tl 
results presented today are only the firs 
in the development of mathematical 
would mean a misunderstanding of 

and methods of mathematical sciences should we 
attempt to investigate more complex cases with 
out a preliminary study of the simpler ones. The 
theory, to include non 
this will 


generalization of the 
spherical cells, is indeed needed, and 
be the subject of research after the simpler cases 
are thoroughly and exhaustively studied. A few 
preliminary investigations of simplest non-spheri- 
cal cases show that qualitatively the results pre 
sented today remain unchanged. To my mind it 
progress, that a 
approach to the 


is already general 
physico-mathematical funda 
mental phenomena of cellular growth and divi 
multicellular 


quite a 


sion, as well as development of 
organisms, has been shown to be possible 
ing by the development of other math 
sciences, I would say that it will take at 
twenty five years of work by scores of mathe 
maticians to bring mathematical biology to 
stage of development comparable to that of 
mathematical physics. 


Vv 

Meanwhile, it would seem fair to con 
elude that theoretical biology, in the 
sense outlined, should receive some at- 
tention as a definite part of biology. I 
would suggest that half a dozen chairs 
for theoretical biologists be established 
at biological laboratories. It has been 
suggested that these chairs be distrib- 
three in this country, 
the conti 


uted as follows: 
one in England and two on 
nent. It would seem preferable to estab- 
lish such chairs at research institutions, 
feasible. If, however, 


in so far as is 


some are established in universities, it 


9 Jbid., p. 198. 
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should be clearly understood that courses 
should not be given in_ theoretical 
biology. This should be understood for 
several reasons. The holder of the chair 
should have as much time as he can pos- 
sibly for study and deduction. 
Furthermore, a professor must be un- 
inspiring indeed who, regardless of his 
desires, does not, by his teaching alone, 
beget a number of mental and 
daughters. There are many reasons to 
believe that we do not wish a flock of 
newly hatched and hatching theoretical 
biologists at this time or within the 
next ten years, at least. What we wish 
is half a dozen brilliant minds to further 
explore the possibilities of theoretical 
biology, and to be in a position to be- 
come the chiefs of staff if and when re- 
eruits are needed. 

Many a good thing has been run into 
the ground because too many hounds 
followed it too closely and gave too 
much voice to the chase. To return to 
our metaphor of the sailboat race, the 


use 


sons 


tendency among biologists to abandon 
the course they were sailing in order 
to catch a freshening breeze somewhere 


else has been altogether too marked. 


THE SCIENTIFIC MONTHLY 


We are too frequently given the 
tacle of a large group of fairly 
boats becoming relatively becalmed 
eause there are more sails to fill 
there is breeze to fill them. It » 
sometimes like twelve little boys fis] 
One little boy catches a good-sized 
and in no time eleven lines are wit} 
few feet of his own, whereas the ot 
big fish are quite likely in other } 
of the lake. If we apply the theor; 
probabilities to theoretical biology 
shall find, no doubt, that it will be w 
not to expect too much from the sci: 
too soon. Consequently, we should 
to it that the number of men who ree 
support for work in theoretical bio! 
be kept small for the time being 
From this it should be apparent 
I advocate taking no glamor, support « 
troops from the well-established 
already very productive branches 
biology. What is suggested here is 
give a new branch of the servic 
reasonable and friendly test. It seen 
wholly fair to think that if we do 
we shall find that mathematics, even 
a relatively fundamental sense, will from 
time to time be of use to biology. 





THE EDUCATIONAL AND OCCUPATIONAL 
ATTAINMENTS OF OUR NATIONAL 
RULERS 


By Dr. H. DEWEY ANDERSON 


SCHOOL OF EDUCATION, 


Tue United States, in contrast to the 
older countries of Europe, has been per- 
meated with the philosophy of rugged 
individualism. Its rapid industrial ex- 
pansion is considered the achievement of 
a free people unhampered by economic, 
social or political barriers to individual 
progress. No caste is said to exist, and 
no privileges of birth or breeding can 
prevent the capable boy, however lowly 
his origin, from reaching that enviable 
place in life which his abilities make 
possible. 

Especially is this believed true in the 
political world. Despite the scientific 
evidence of biology and psychology con- 
cerning the differences among men, their 
political equality is guaranteed in a con- 
stitution which prescribes a representa- 
tive government. Those who govern 
must be chosen from among us, and, if 
the channels of vertical movement have 
not become clogged during the years of 
our historic development, there is free- 
dom enabling representatives of the 
people to rise from the humble position 
of the masses to the highest seats of gov- 
ernment. If this condition prevails, our 
democracy has achieved a truly repre- 
sentative character. 

sut what are the facts supporting or 
denying the representativeness of our 
governing bodies? Research in this im- 
portant field is scanty, probably because 
of the fragmentary character of usable 
sources. The present study is limited 
for this reason to an analysis of Presi- 
dents, Vice-Presidents and cabinet of- 


STANFORD UNIVERSITY 


ficers, who make up the official rulers of 


our commonwealth.’ Though controlled 
by law, nevertheless they are the execu 
tives conducting the nation’s business. 
Only the President and Vice-president 
offer themselves for the selection of the 
people, yet the cabinet officers chosen to 
make up their official families have been 
approved by these elected officers. They 
are representative of the views and aspi 
rations of their Presidents and the po 
litical parties in which they share com- 
mon membership. Consequently, they 
are classed with the Presidents the 
eyes of the people; together they consti 
tute the political rulers of the United 
States. 


in 


DISTRIBUTION OF AMERICAN RULERS 


In Table I a distribution is given of 
the American rulers studied. A totals 
column has been retained in all succeed- 
ing tables, which gives the figures for all 
rulers from the first presidential cabinet 


1 The following sources have been consulted: 
‘‘Appleton’s Cyclopaedia of American Biog- 
raphy,’’ edited by James Grant Wilson and 
John Fiske, D. Appleton and Company, New 
York, 1888; ‘‘ Biographical Dictionary of the 
American Congress, 1784-1927,’’ U. 8S. Govt. 
Printing Office, Washington, D. C., 1928; 
‘*Dictionary of American Biography,’’ edited 
by Allen Johnson, Charles Scribner and Sons, 
New York, 1928; ‘‘The Encyclopedia 
cana,’’ The American Corporation, 
1925; ‘*The National Cyclopaedia of American 
Biography,’’ James T. White and Company, 
New York, 1898 to 1930; ‘‘Who’s Who in 
America,’’ A. N. Marquis and Company, Chi 
cago; files of the Army Recruiting News; files 
of the Congressional Record. 


Ameri 


Chicago, 


>? 
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in 1789 to the present one. Trends have in 1825 and extending to Hayes’ ad 
been depicted by breaking up this total istration in 1877. During this tim 
into periods having historic significance. westward movement took place and 
The first period from 1789 to 1824 has_ spirit of the frontier dominated 
been designated the ‘‘Colonial’’ with the national life. The third period is 
thought that it encompasses those years ‘‘Modern,’’ extending from 1877 
when the colonies were breaking away 1934. It has been called the ‘Ply: 
from England and establishing the na- ¢ratic Period,’’ by some writers be 
tional government. The second por- jt covers the span of our big busi: 
trayal is the ‘‘Commoner Period,’’ development. 

ushered in by the Jacksonian democracy It has been necessary to complicat 
the tables in some instances by addi: 
percentage columns for use in ma 
comparisons of one period with anot 
inasmuch as the length of periods a 
numbers of individuals in each are 
always the same. 


TABLE I 
DISTRIBUTION OF AMERICAN RULERS 


mber of rulers 


Totals N 


c 


Periods 
EDUCATION OF AMERICAN RULERS 


Presidents 
presidents 
Cabinet 


| officers 


Vice- 


Do our American rulers represent t 
1789-1934 average educational attainments of 
Modern period people or are they a select body of m 
1877-1934 47.8 The facts are presented in Table I! 
Commoner period The table reveals the fact that Amer 
1825-1876 144 39.1 12 5 jean rulers have always been far al 
Colonial period the average educational level of 
ve - 5. 8 populace at large. Even in the 


* As some Vice-presidents became Presidents moner period, when the teal educa 
they appear in the Presidents column, and not tion of the general population was 
here. above the common school, almost 87 


All rulers 


bo 
w 
7 


TABLE II 
EDUCATION OF AMERICAN RULERS 


Number of rulers Per cent. of ru 


Type of education 


Commoner 


‘ 


Commoner 
olonial 
All rulers 


( 


| 
| 
| 


a 
) 


Totals 

College or university graduates 

Attended college but not grad 
uated - 

Academy or secondary school 

Common school (elementary) 

Limited schooling (part of ele- 
mentary ) 

No formal schooling 


bo 
or 





luca 
not 


per 
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cent. of the rulers had been trained in 
the academy, college or university. 
From the origin of the republic to the 
present administration the typical ruler 
has always been a college graduate. 

The channel of vertical movement 
through which one mounts from the low 
levels of social origin to such high places 
as are occupied by rulers are not en- 
tirely closed to those so unfortunate as 
to possess little formal schooling. In 
each of the three historic periods a few 
individuals, 8 of the 368 rulers, have 
been able to overcome this handicap to 
win in the race for rulership. 

The 10 to 12 per cent. of rulers who 
have not had the advantages of excep- 
tional schooling have made use of other 
channels of upward movement. Of the 
48 rulers who had only common school 
training or less, 19 were lawyers; 7 edi- 
tors, publishers or authors; 4 were 
laborers; 1 was a farmer, and 1 a doctor 
of medicine. All were the product of a 
young, virile country in which training 
for the professions could be secured dur- 
ing apprenticeship, and where business 
talent could achieve eminence in an ex- 
panding industrial order which had 
little regard for educational or social 
backgrounds. 

Only one poorly educated farmer suc- 
ceeded in rising above his fellows, and 
three of the four laborers who became 
members of the ruling group were secre- 
taries of labor who were chosen because 
of their rise to positions of power in the 
labor movement. 

Harvard University has trained more 
rulers than any other institution. Only 
three other universities have trained 
more than ten rulers, namely, Yale, 
Princeton and North Carolina. Thir- 
teen universities have each graduated 
five or more men who became rulers. 

The only presidents who emerged 
from the masses of citizens possessing 
little formal schooling were four who 
held office during the commoner period 


of our history. Since the days of John 
son just following the Civil War there 


has not been a person occupying the 


White House whose educational attain 


ments were representative of our people 
From Hayes in 1877 to Franklin Roose 
velt to-day, twelve of the thirteen presi 
dents have been college trained. All 
thirteen have had secondary education, 
a degree of schooling to which only 10.2 
per cent. of our population had attained 
by 1932. 
The education of our Preside 

follows: 


Education Total Mod 
ern 


College graduates 10 
Attended college 

Academy (Secondary ) 
Common school 

No formal schooling 


OCCUPATIONS FoR WHICH AMERIC 
RuLERS WERE TRAINED 


To make comparisons of occupations 
over a period of 144 years of a rapidly 
growing nation’s life is not possible in 
other than relative terms, for an occupa- 
tional designation, its training, income 
and social prestige, might have under- 
gone significant changes during that 
time. Therefore, the material submitted 
to the reader on the occupations of our 
rulers has been assembled with extreme 
eare. Groupings have been made which 
denote as nearly as possible distinct oc 
cupations arranged in upper and lower 
levels. Such a procedure permits the 
classification of occupations for the 
whole range of time, because within 
themselves the levels combine occupations 
which have had similar social connota- 
tions for the several historic periods of 
our national existence. 

The upper level comprises profes 
sional, proprietor, managerial and large 
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landed proprietor occupations. While and clerical workers. These latter com 
there are undoubtedly distinctions of prise the lower level occupations, having 
considerable magnitude between these also a similarity of cultural patter 
occupations, nevertheless they possess a revealed in low incomes, little socia 
certain homogeneity of cultural pat- prestige and inferior cultural habit 
terns, as expressed in relatively high in- It is impossible to push these classifica 
comes, prestige and similar social habits tions too far, for they are not infallib}; 
which mark them off distinctly from the Yet they are in a rough way indicatiy 
manual labor occupations, small farmer of the social significance of occupati 


TABLE III 
OCCUPATIONS FOR WHICH AMERICAN RULERS WERE TRAINED 


Number of rulers Per cent. of rulers 


Occupation 


All rulers 
Commoner 
All rulers 
Modern 
Commoner 


Modern 


ow 

oz) 

i.2) 
i" 
So 
o 


Totals 


Proprietors 


Merchants 
Manufacturers 
3ankers and financiers 


Professions 
Lawyers 
Publishers and editors 
Physicians 
Professors 
Writers 
Sociologist siicioldaniatiatiaa 
Professional-gentleman . 


Managerial 
Army officers 


Clerical 
Private secretaries 


Agricultural 
Large landowners 
Farm operators 


Manual laborers 


Miners . 
Tailor * 
Transportation worker 


Total from upper levels 
Total from lower levels 
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and prove extremely helpful in deter- 
mining the levels from which our rulers 


emerge. 

In Table III the occupations of Amer- 
ican rulers have been listed, and grouped 
into upper and lower levels on the basis 
just deseribed. 

Almost 100 per cent. of all rulers 
come from the very peak of the occupa- 
tional pyramid. Rulers are chosen from 
among the professions in the majority 
of instances. Lawyers have always pos- 
sessed an entrée to political life, and this 
occupation still offers the easiest method 
of acquiring training useful in securing 
political appointment. The proportion 
of lawyers in each historic period has 
been high, being 68 per cent. in the mod- 
ern period, 82 per cent. in the commoner 
and 68 per cent. in the colonial. 

In terms of occupations for which 
they were trained presidents have been 
selected from the common walks of life 
in only one instance. The facts are as 
follows: 


3y periods 


Occupation Total 


Modern 
Commoner 
Colonial 


Lawyers 

Army officers 

Politicians—government 
office 

Landowners 

Professor 

Engineer 

Newspaper editor 

Tailor 


COMPARISON OF OCCUPATIONS OF RULERS 
WITH THE OccUPATIONS OF THEIR 
FATHERS 

It appears that our rulers are a very 
select portion of our population from 
both an educational and occupational 
standpoint. Perhaps this is a most com- 


mendable condition, for 
most talented 
It might well be 
States educational 
available to all who have capacity to 


naturally 
should 

the United 
opportunities 


eit izens 
that in 
are 


profit thereby, irrespective of their eco- 
The high oceu- 
have 


nomic or social status 
pational 
achieved might well represent the result 
of their efforts in fair competition with 
others. Consequently, their attainments 
would offer testimony to the working 
out in practise of our democratic prin- 
ciples. They would reveal what can be 
done the 
movement are kept open so that talent, 
regardless of original position, 
may emerge in high place through hav 
ing secured training and _ exhibited 
capacity. 

Or perhaps the reverse is true, and it 
may be that rulers did not start from 
‘seratch’’ but have had the 
fathers or friends in substantial 
which gave them an undue advantage 
over all other citizens in the for 
power. If such be the case, we would 
have little reason 
cause no great measure of democracy 
had been achieved. We would therefore 
face the necessity of altering the social 
structure sufficiently to talent 
wherever it is located on the social pyra 
mid to secure training and express it 
self. 

We are unable to 
proposition without the facts. 
them may be ascertained from a com- 
parison of the occupational status of 
rulers and their fathers. This compari 
son will reveal the amount of occupa 
tional that taken 
and, to the extent that occupations sig- 
nify social status, the rise in social status 
of sons as compared with fathers. If 
this rise is great in amount, the demo- 
eratic principle would seem to be work- 
ing out well. If small and 
scribed, little upward movement would 


level which rulers 


when channels of upward 


social 


‘ 


aid of 
form, 


race 


for self-praise, be 


enable 


establish either 
some of 


climbing has place, 


circum- 
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be indicated, in which extremity we 
would face the necessity of enacting a 
sound public policy which would alter 
conditions in the interest of a truer 
democracy. 

Whenever data were not sufficiently 
clear to permit of the tabulation of the 
occupations of both father and son, they 
were eliminated. In all 84.5 per cent. 
of the 368 rulers could be used, divided 
as follows: 

Usable data 


Per cent. 
of all 
rulers 


Period Total No. 


1789-1934 
Modern period 
Commoner period 
Colonial period 


368 
176 
144 

48 


311 
141 
127 


43 


84.5 
80.1 
88.2 
89.6 


While most studies of occupational in- 
heritance stress the term ‘‘identical oc- 
cupation’’ of father and son, it probably 
has little social significance. Whether 
the father is a doctor of medicine and 
the son becomes a lawyer is not so im- 
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portant whether the occupati 
status which the son achieves is hie 
lower than or equal to that of his fat 
Climbing is not denoted by identical] 
dissimilar occupational 
but by whether the level of occupat 

is identical or different in terms of soc 
prestige, cultural status and purchasing 
power. 

In Table IV the occupations of fath 
and sons are compared. In the United 
States, where until 1870 over 50 ; 
cent. of the gainfully employed we 
working in agriculture, where 
creasing population was moving west 
ward to occupy free land all during t 
eighteenth and nineteenth centuries, 
is natural to expect that a large 
centage of rulers would have farn 
fathers. Farmers furnished more sons 
who became lawyers than any other « 
cupation in which fathers were engaged, 
yet farmers contributed less than a third 
as many lawyer sons as the upper levels 
of occupation combined. Characteristi 
eally, therefore, rulers whose occupation 
is the law have been recruited fro 


as 


designati 


an 


TABLE IV 


COMPARISON OF RULERS’ OCCUPATIONS WITH OCCUPATIONS OF THEIR FATHERS 


Occupations of rulers 


No. of rulers 
Business 
| and finance 


Lawyer 

Business and finance 
Army officer 

M.D. (physician) 
Professor 
Journalist 
Engineer 
Government official 
Planter 

Farmer 

Manual laborer 


Totals 


wo 
~ 
Ww 
oo 





Army officer 


oO 


Number of fathers in occupations 


ment official 


Journalist 
Preacher 
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.omes whose fathers are located in the 
ipper levels of occupation. This is 
haracteristic also of every upper level 
upation in which rulers are engaged. 

As was shown previously, the occupa- 
tions in which rulers engaged were al- 
most entirely in the upper levels of 
employment. This is not true of their 
fathers, and there is upward movement 
the extent that a difference exists be- 
tween the two. The amount of climbing 
is shown in Table V. 


TABLE V 
TYPE AND PERCENTAGE OF OCCUPATIONAL 
CLIMBING OF RULERS AS COMPARED 
WITH THEIR FATHERS 


Per cent. of climbing 


Type of climbing 


All rulers 
Modern 
Commoner 
Solonial 


C 


Total climbing 


Climbing from medium 
to high levels 


Climbing from low to 

high levels 

In a fraction less than 75 per cent. of 
the instances rulers have been born into 
homes located in the upper levels, where 
they have had the advantages of the 
purchasing power and prestige adhering 
to such levels. Over 23 per cent. of the 
climbing which has taken place has been 
of sons whose fathers were independent 
farmers. In less than 3 per cent. has 
the climbing been accomplished by rulers 
who were born into manual laborers’ 
homes. In almost every instance the 
rise of sons has been the result of sev- 
eral factors which placed the sons in the 
élite of gainfully employed. In part it 
was the natural consequence of the ap- 
prentice system which prevailed in the 
professions and in business. In consid- 
erable measure it was an accompani- 
ment of the settlement of the country. 
A pronounced factor has been formal 


schooling, which has equipped sons for 
occupational activity higher in social 
prestige and income than that in which 
their fathers engaged. 

The popular notion persists that 
Presidents are representative of the 
common people. The total amount of 
climbing of Presidents as compared 
with their fathers has been 35.4 per 
cent., of which 3.2 per cent. represented 
climbing from low occupational posi 
tions of fathers to high levels of sons, 
and 32.2 per cent. was movement up 
ward from farmer fathers’ status to 
membership of sons in the upper occu- 
pational brackets. Since 1877 nine of 
the thirteen Presidents have had fathers 
in the élite of occupations. Only one 
President, Herbert Hoover, has risen 
during this period from the home of a 
laboring man. 


CONCLUSIONS 


Perhaps the greatest qualifying fac- 
tor in the race for higher status has been 
formal education. This factor is more 
important to-day than ever before in 
our national history, for no longer does 
a young man enter the professions un- 
less he has had college or university 
training. For the most part, the ap- 
prentice system is gone in the profes- 
sions. 

Education being basic to acquiring 
training required of national rulers, it 
becomes necessary to inquire whether 
educational opportunities are so equally 
open to all that no serious discrimina- 
tion exists. In a recent analysis of the 
enrolments in colleges and universities 
the writer found that children of man- 
ual laborers comprised from 6 to 23 per 
cent. of the student bodies in these in 
stitutions, depending upon the type of 
school studied. Even such a popular 
institution as the junior college in en- 
lightened California has a student body 
whose fathers in only 24 per cent. of the 
eases are engaged in skilled or unskilled 
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labor, whereas these occupations were 
being followed by 44 per cent. of the 
gainfully employed who had children of 
college age. All other forms of higher 
education are decidedly more aristo- 
cratic than junior colleges in the compo- 
sition of their student bodies.” 

It has been popularly argued that the 
laboring masses are relatively unproduc- 
tive of superior intelligences, which ac- 
eounts for their poor representation in 
our institutions of higher learning, and 
consequently their negligible number 
among our national rulers. When pro- 
portionate yields of the several occupa- 
tional classes are determined on any 
intelligence test basis, this seems to be 
the case, but when total population 
numbers are considered, approximately 
80 per cent. of those who test ‘‘very 
superior’’ and ‘‘superior’’ intellectually 
are found among the skilled, semi- 
skilled and unskilled laborers, clerical 
workers and agricultural hands. Yet 

2H. Dewey Anderson, ‘‘ Whose Children At- 
tend Junior College?’’ Junior College Journal, 
January, 1934. 
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their opportunities to secure higher edy 
cation and to reach higher occupat 
are relatively few. 

Our national rulers, whom we n 
reasonably expect to be fairly represe; 
tative of our people, are a hi 
selected group chosen from those y 
are born into moderate circumstanced 
wealthy homes, who receive high edu 
tions and who enter the peak of oceu 
tions. The qualifying barriers are 
surmountable for all except a very 
of our people whom fortune has es; 
cially favored. In the interest 
democracy which seeks to use to 
utmost the talents of all its citizens 
more equitable plan should be devised 
which will enable talent, wherever 
born in the social scale, to express its: 
fully. But before any rational planning 
is possible the facts concerning verti 
movement in all walks of life must 
ascertained. It is only with the posses 
sion of these facts that a policy of cor 


rect occupational distribution can bh 
formulated which will achieve equa 
of opportunity. 





ART IN CLOCKMAKING AND WATCHMAKING 


By Dr. D. W. HERING 
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PROFERSOR Ss OF PHYSICS: ¢ 


om AND WATCHES 


making of clocks and watches 


f two distinet orders, 
and art. The need for the 
is obvious and requires no demon 
tion. It time 

even a poor one, will not function 
ut if 
mathematies, 


inds ability 0 
for 


e 


inherent, since a 


is 


of science in 


the application 


‘al forms, especially 
momy and physics, and in a high 


the 


ingenious 


instrument scientific features 


technical, and often ab 
The part that art has played is 
but rather than 
It ti 


what ways art has manifested itself in 


yortant is ineidental 


essary. may be of interest » See 


ecks and watches. In distinetion from 
rhe Arts,”’ 
lustries whose products are generally 
result of 
which are imitative or duplicative, 
‘Fine Arts”’ 
upon 


which comprise various in 


some mechanical process, 


are supposed to depend 
primarily intelleet 
they are essentially 
‘oduetive and are more fully entitled 
he 
Art in its 
painting, sculpture, music 


imagina 
and 


and 
creative 


regarded as art. 


and forms—architeecture, 


er 
is So impos 
ng that it overshadows the minor forms 
which find expression through various 
ndustries. So prosaic sometimes are the 
ndustries and their 
products that the artistie highbrow looks 


so commonplace 


with contempt upon these homely efforts 
and denies the right of their authors to 
rank with the élite possessors of the soul 


ft art. However just or unjust such an 
assumption may be with to 
that spirit which eludes defini- 
tion—there is no denying the artistic 


res] ect 


genius 


quality of many an article of manufae- 
ture, whether textile, metal, jewelry or 
furniture; objects of design and con 
struction that have often been so distine 
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and their 
‘* periods, ”’ 
other period 


be 


work 


; 
th 


condemn 


? 


migh 
and a 


? 


purpose ol 
eal service, 
artistic 
erence 
tially esthetic 

That is not to say 


be 
not 


not useful or th 


may have artist 


ad ar 


sumably the ingraine 
tice for 
Michelangelos were 


but even 


sake, 


not indifferent 1 


art art's 


pecuniary emoluments of their prov 


venius has on to 


and literary 
been forced into the drudgery 
ing The 
always wanted his w 
had 


\ 
i pl 
. . . 

clocKmaker 


to 


sufficiently 


pot boilers 


look attr 


rk 


tive, whether he 


taste to make it so or 


An 


early in his life fixed upon clockmaking 


not 


enthusiastic mechanical genius 


onee 


and watchmaking as embodying at 


the principles both of seience and art; 


+ 
t 


science dealing with time and its myste 
that beyond 


Artists of the brus! 


mere 


Tr 


ries and art went 
eraftsmanship 
chisel, ot 


lofty disdain for the pretensions to 


have a 
art 


by workers whose efforts depend upon 


or literature, 


MUSIC r 


machinery ; but even if some of them are 


mere pretenders the work of others has 


been fine and beautiful, and with 
the worst of them we 
the devil his due. An 
amples of the craft may show how far 
to be ealled art 


ways others come 


often 


as well give 


may 


Inspection oft ex 


some are entitled and 


how far and in what 
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FIG. 1 rie SECOND CLOCK OF THE STRASBOURG CATHEDRAL, 1574 
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; 


Recognizing first tl the art o 
signing and making clocks may differ 
some ways from that expended upon 

hes. the clocks themselves may be 
erly distinguished as public and 
estic. The former were not said to 
‘‘made”’ or ‘‘eonstructed’’ but 
ected’? or ‘“‘built,’’ thus putting 


class with buildings or 


AND WATCHMAWKING 


reckoned 


midd ( 


In dad t 


ers we 
Krench, 


each Thre 


Cah makers 

















ZIMMER TOWER AND CENTENARY 


SEVENTY-THRI ASTRONOM 


\ 


monuments and making their art (if 
they had it) architectural. The term 
‘fecit,”’ often inscribed by makers, was 
generally reserved for domestic clocks 
With these there seemed little opportu 
nity for artistic effect, at least in the 
grand manner, although an authoritative 
eritic, in a recent work, has commented 
pointedly upon the presence or the ab 





field; and the 
Of these last 
their designs 
the presence 
Early me 
sive construct 
a permanent 
dral or town 


questionab ‘ 
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Kia. 3 DIAL OF THE CLOCK IN THI 





JUSTICE, PARIs. It BEARS THE DATES 1685, 


1852 AND 1909 WHEN IT HAS UNDERGONE REPA 


‘ATION. PHOTOGRAPH BY THE AUTHOR. 


clock was designed to be in artistic har- 
mony with the building, of which it was 
an important feature. In that character 
the clock of the Strasbourg cathedral, 
dating from 1354, has long been famous 
and has been the subject of much elabo- 
rate description and the eynosure of 
thousands of admirers. Sixty feet high 
and twenty-five feet wide at the base, it 
was an imposing structure and if the 
cloek and the cathedral could be viewed 
apart from each other it would take no 
very critical eye to see that this elock 
belongs to that cathedral. It is perhaps 
the most bewritten of all clocks. Alfred 
Ungerer says (‘‘Les Horologes Astrono- 
miques’’), **There have been published 
concerning this clock about four hun- 
dred works and descriptions more or less 
detailed, in prose, in verse, and in the 
form of working models (‘pieces de 
theatre’).’’ Like most early public 


eloecks this 


newed and somewhat 


has 


MONTHLY 


been st 


re 


‘veral 


mode 


the main has preserved its ori 


The first clock operated from 


about 1520 
1786; and 


present tim 


the 


Re 


the 
third fr 


second from 


During 


too dilapidated for use 


the eloek in 
rate form. 


ITS Sé 


Hardly less 


To 


md 


m 1842 
the int 
intervals of forty or fifty years 


Fig. 1 


and most 


] 
celebrated IS Tie 


clock of Rouen, dating from 1389 


Strasbourg Cathedral ecloek is not 


its automata, like 


Nuremberg, 


th 


at 
al 


that of 


of Berne, and 


others; the Rouen clock especially 


beauty of design and decoratio 


the revival 


. ‘ 
Renaissance 


of 


t : 
the 


learning 


cloek 


> 
follow! 


came TO 


St. Sebal 
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led as an important part of munici 
equipment and a source of pride to 
‘itizens, and civic spirit impelled the 
‘rent cities to vie with one another in 
effort to produce the finest example 
G. H. Baillie, a most competent 
jority on this subject, enumerates 
223 public clocks erected prior to 1600 
ninety-three in the fourteenth century, 
SIXT five in the fifteenth, and seventy 
in the sixteenth; and these were suc 
ded by many more in the seventeenth 
eighteenth centuries. Praeticall) 
every city of any considerable size in 
Europe had one and some had several 
They were usually placed upon the City 
Hall or in cathedral spires or towers, 
where they could be seen and heard at 
a great distance 
As a rule the movement of a public 
ock is mounted on a substantial frame 
within the building and only the dial is 














open to view; it is upon the dial, in sue} 
cases, that ornamentation is lavished 
One of the most celebrated of clocks was 
that built for King Charles V of Frane: 
by Henry De Vick, 1370-1378. This was 
placed in the Palais de Justice in Paris 
The original clock-work has entirely dis 
appeared, but the dial, several times re 
newed, is still in place on the eastern 
facade of the Palais de Justice at the 


ONE Reet northeastern eorner Its present appear 


rrir ET ey ance, with overhanging foliage, is shown 
a: 


ams 


; 


in Fig. 3 The dial ring is five feet in 





diameter; the extreme height of the dia 
is nearly twenty feet and widtl 
twelve feet 

Marking the time of day is 
small part of the duty of an astro 


nomical clock; some are intricate and 











multitudinous in their performances and 


DUTCH HOOD CLOCK, ABOUT 1700. show many astronomical positions, move- 





THE SCLENTIFIC MONTHLY 





ments and pre 
the sun 


Change 











moon, the 





month, and many 


“= 


which had its own 
appropriate to the phenomen 
times allegorical sculpturing—ea 
an attempt at artistic treatment 
hour eirele is usually divid 
twenty-four parts (or hours), whi 
numbered from one to twenty-f 
in two suecessive series of one to 
This multiplicity of dials and 
plexity of operation reached a clin 
1930, when Alfred Zimmer, of L 
Belgium, clockmaker to the Roval ¢ 
of Belgium, completed a ‘‘C 
Cloek’’ which he donated in 1931 1 
city of Lierre on the occasion 
hundredth anniversary of Belg 
independence The elaborate timep 
was supplemented by numerous 1 
ments eonstituting an ‘‘ Astron 
Studio,’’ and the combination was 


stalled in a three-story stone tower 


constructed by the city for that purp 


The principal dial consists of a 
central cirele showing Greenwielh star 
ard time; this is encircled by 
other dials, each of which indicates s 
feature of astronomy or the ecale 
In all there are seventy-three dials 
replica is to be exhibited at the eon 
World’s Exposition to be given in Br 
sels in 1935. 

Naturally tower clocks do not 
their way into private collections, 
their merits as also their defects 
matters of record. They are still in 
mand, but as they are not objects 
mass production each one is built 
special contract with a ‘‘compa 
The hands traverse the dial and 


hours or chimes are rung by elect! 











motors controlled from a master clock 
a lower room of the building. Seie 
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‘ns their action 


rt plays a subord 


( olgate ( 


ynne feet in diameter, i 
ptional features, but no 
se it of being architectura 
That on the Paramoul 
New York City is more 
eve and would probably 


¢ 


T 


d as an example of art 


With clocks (not watches) it Is almost 
+} 
a 


sively the case or mounting 


S ibject of artistic treatment, and this 
ften, perhaps most frequently, the 
; of a designer whose name has beer 


while that of the maker of the 


anism, which IS the clock proper 


survived. They were not usually 


same person and sometimes were 


completely dissociated that portable 
‘ks at first were often supplied with 


a ease. This, if desired, was made 


a cabinet maker, often in a 
mote from that in which the original 
ek was made and at a later or, pos 
iv, an earlier date. To this custom 
wever, there were Important excep 
ms. Rovalty had ‘‘makers to the 

iz,””’ who enjoved r val patronage in 
various lines and supposedly derived 
ulvantage in business from the right to 
iffix such title to their names. A eloeck 


maker and. a cabinetmaker ‘‘to the 


King’’ were among those who were thus 
red Technieally, clock cases are 
rniture, and as furniture went 


1? 


f | sé } ] t 
ishions or Priods the ecloe CASES 
i ‘ ! \ i 


lowed the fashion and what was 
ighly approved in one period was not 
weceptable in another, unless there was 

revival. Specimens of an_ earlier 
eriod came to be valued later as an 
tiques. A notable example of this was 
he so-called ‘‘Buhl work.’’ André 
harles Boulle 1642-1732), cabinet 
naker to the king under Louis XIV, 
ntroduced a very ornate style in which 
the body of a piece of furniture was 


veneered with a layer of tortoise shell 
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lar with persons 
itv. It was taken 
than France and t 
zed into ‘‘ Buhl 


ip 
al 
} 


wh 


hame 


le 








926 
most generally used. Though now out of 
vogue, specimens are to be found in mu- 
seums and are highly prized. A good ex- 
ample is shown in Fig. 4. This clock was 
made about 1700 by Baltazar of Paris, 
who was clockmaker to the king 
In his satirical poem on ‘‘Content 
ment’’ Oliver Wendell Holmes wrote: 
Wealth’s wasteful tricks I will not learn, 
Nor ape the glittering upstart fool: 
Shall not carved tables serve my turn; 


Sut all must be of buhl? 


The the which 


vailed in France in the late seventeenth 


taste for rococo pre- 


and early eighteenth centuries was re- 
flected in the 
n Holland especially, 
the the 


Christian Huygens, clock-making became 


work of other countries. 


stimulated by 
physicist 


ingenuity of great 


prominent. Their most admired clocks 
of this period were florid displays of 
Fig. 5 shows an ex- 


‘*hood’’ 


gold and color. 


their clocks having 


ample of 














ACORN CLOCK, ABOUT 1825. 
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an ornamental case under a ce 
canopy. 

The styles of Louis XIV, Li 
and Louis XVI (1643—1793 


in a steady decrescendo until, dur 


1804-1815), 


were 


Empire they became 


simpler; using, in costumes, the fi 


lines and graceful curves of 


Grecian drapery, furniture beca: 
verely simple in design and clock 
the 


by an independent and unconve 


lowed new fashion unless des 


thinker. Fig. 6 is a clock in E 
style contrasting with the Louis X] 
Fig. 4. 

The late Mr. James Arthur, of B 
lvn, N. Y., in the course of 


forty years gathered a large and \ 


more 


clocks and watches 


collection of 
different 


many countries and of 


covering a period of three hu 


years. He was not a professional 

maker or watchmaker, but he was a s 
ful mechanic and an _ enthusiasti 
ventor. 
of his own design, among them se 
illustrated by Fig. 7. This, in the 
ural color of the wood, with straight 


He constructed numerous ¢ 


1 


has for its only ornamentation the 
the 
mechanism, is plainly 
the front and 
Lacking altogether the elegant marqui 


work lining back which, wit! 
in view thr 
class sides of the 
of Boulle, and the gaudy and ‘*‘ barog 
the Dutch Fries: 
clocks, it is given here as an extreme 
trast Figs. 4 a 
and in its proportions and good tast 


carving of and 


to those shown in 
more artistic, notwithstanding the 
that the major purpose of its make) 
to show special features of the clock : 
time-keeping machine. 

A handsome volume appe: 
recently, recounting Connecticut 


which 


makers of the eighteenth century 
numerous their ¢ 
drew comments from an English aut! 


illustrations of 


ity disparaging to the American ef 
on account of their commonplace des 


and ungraceful proportions. Withi 





ART IN CLOCKMAKING AND WATCHMARKING 





ter of the succeeding century, how- 
i.e.. between 1825 and 1850, the 
ng of clocks in America had grown 
a great industry, and competing in- 
tors and manufacurers were put to it 
evise cases that would have some dis 
tive form or character. Among the 
known and most popular forms were 
‘*Banjo”’ by the Willards (Simon 
Aaron) of Massachusetts, the ‘* Pil 
and Seroll Top”’ by Eli Terry, the 
woking-glass Case’’ by Chauncey Je 
and the ‘‘Acorn’’ by the Forest 
Manufacturing Company ; the three 
named were produced in Connecti 
The Banjo and Acorn are shown 

Figs. 8 and 9. 

Simon Willard patented his ‘‘im 
proved timepiece’? (banjo) in 1802; it 
was meant to be hung up against a wall 
or pillar. There would seem to be no 
particular reason why a clock should be 
shaped like a banjo, but a reasonably 
close-fitting round head was suitable to 
contain the movement; for the slender 
swinging pendulum no enclosure could 
be more appropriate than the tapering 
waist; and the pendulum bob, three or 
four inches in diameter and requiring 
a path six or eight inches in length, nat 








urally suggested the horizontal box be- 





low. The inventor probably had no in 
tention to copy a banjo for the design of 


his clock. but the semblance of that in- 


strument into which the construction perhaps the realm of musical inst! 


grew no doubt tickled his fancy—as it ments had been invaded by Simon 
did that of his customers. Professor Jjard with a startling popularity as a 
W. I. Milham in ‘‘Time and Timekeep- sult: then the cabinet form of case had 
says that the Willards never used been appropriated by Eli Terr 
the name ‘‘banjo’’ for these clocks. modified by Chauncey Jerome by 
The Terry clock, patented in 1814, was insertion of a looking-glass: wi 
born of the desire for a clock with a mained for competitors better tl 
wooden case to stand upon a shelf in- natural product of a forest tre¢ 
stead of to hang up against a wall, and petition became a free-for-all 
the stvle adopted by Eli Terry met that vladiators in the arena Simon Wi 
purpose in the simplest possible form dealt his rivals a severe blow Wi 
and gained immediate popularity. banjo: Eli Terry countered with the 
But why should a clock be made to pillar and scroll top case; Chauncey 
look like an acorn? Unintentionally Jerome came in with a _ looking-glass; 
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the Forestville Manufaet 
bombarded them with aco 
these designs were pirate 
makers. Among early Americ 
makers there was none 
for meghts of priority 
Was sometimes pretty 
These clocks were all good 
their day and with their met 
material of construction, but as 
fine art not to be taken ver 

It should go without 
structure should aceord 
appearance with the purpose 
serve That is an end to be 
but one which architects do not 
succeed in attaining, and we hav 
posing libraries that look like n 
leums or the Pantheon and ar 


adapted to the needs of read 


dents and librarians; th 

gest churches or picture galleries 
railroad passenger stations that 
grand but confuse and impede 

than help the traveler or simplit 
perplexities; and the same disc 


found in many publie clocks. | 


the clock is part of a cathedral it is 


to see why it should look like on: 
that was a favorite pattern wit! 
clockmakers. It was carried to ext) 
in what is regarded by some compet 
judges to be the oldest clock now 
istence, that of Philip the Good, Du 





Burgundy, accounted as of about 14 
The most plausible inference is that 
maker devoted his efforts to produc 
work of art and dismissed the } 
utility as something not to be ine 
in an artistie conception. Its tim 
ing quality was less important to 








than the artistic. 

The small clock shown in Fig. 10 
seven inches in height, immediately 
to mind the beautiful little Temp 
Diana in the gardens of the Villa B 
CLOCK CASE OF WALNUT, INLAID WITH > 
ovhese, Rome. 


WHITE WOOD AND EBONY, 1695. : : ; : ; 
Considering the distortions and 1 
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sities that are often displayed un 
| art exhibitions it is hardly wor 
to hold the clockmaker strictly to 
if he departs from its canons 
the Middle Ages and up to within a 
ry ago the interests of tradesmen 
in commerce and manufactures 
subject to regulations of ‘‘guilds”’ 
h were organized for many occupa 
us. Before any guild of clockmakers 
watchmakers existed the seattered 
hanies who made or built clocks were 
etal workers and were most often mem 
rs of a blacksmiths’ guild. Sometimes 
ey were expert blacksmiths to whom 
‘kmaking was an avoeation rather 
han a voeation In Seotland meta 
rkers were incorporated in various 
cuilds as ‘‘hammermen,’’ that of Edin 
eh dating from 1483, but clockmak 
ers and watchmakers were not admitted 
membership until 1646. The idea of 
taking a wateh or a clock to a blacksmith 





be repaired seems fantastic to us now 
nd we do not think of a smith of any 
nd as an artist, but our estimate calls 
r some revision when we recollect that 
Quentin Matsys, a renowned painter. 
first arose to fame by his artistry in 
ronwork. Still, Quentin Matsys are not 
merous. Incidentally, it is interest 
ng to note that such masters as Quentin 
Matsys and Albrecht Diirer were given 
mathematical formalism that would 
repudiated by freehand painters 
The former fairly geometrized his sub 
ects by arranging them in a scheme of 
nathematieal lines and figures, and the 
atter followed a precise svstem of pro 
wrtions—an anthropometric formula 
to depict character or temperament in 
smen and women; and so did Charles 
Le Brun, court painter to King Lou's 
XIV, and probably many others. 








It is upon domestic rather than upon 
public elocks that art has been ealled 
into service. The long case (*‘Grand- 
father Clock’’) has been made the sub- 
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Japy of Beaumont began the dk 
from art for its own sake, wit! 

in 1776 and with elocks in 1810 
innovation in their manufactur 
might be characterized either 
dardization, commercialization or 
dation, but which grew out of 
capabilities in the introducer. TT! 
the use of machines to manufaet 
large numbers eases of clocks or v 
from his original ébauches—a s 
mass production of cases that wer 
in the rough, but which were t 
ished by hand and in which th 
enough leeway for modification 
design to give a separate individ 
to each one Fie. 13 is an eXamp 
much as a hundred years ago thi 
pute raged between the disciple 
and the philistine as to whether 








spiritual perversion is not more 





; : justified by the material benefit 
Fig. 13. BRONZE CLOCK BY JAPY FRERES, ABOUT . 
clety. 


1810. 
About the year 1600 a. p. the Jap 


ject of decoration especially by inlay began to use mechanical clocks for | 
work. as in Fig. 11 or by wood carving ing time according to their syste 


as in Fig. 12. horology, which they had borrowed 


Before hand work was displaced by the Chinese many years earlie! 
machines, designs could be varied with- which differed in many respects 
out seriously affecting the cost of pro- 
duction. The greatest variation then 
meant a change of style, while minor 
changes could be made in individual 
pieces. At one time it was the fashion 
to mount the clock upon some animal, 
the elephant being the favorite; again 
the clock cases, especially small ones, 
often of marble, onyx or alabaster, were 
surmounted or flanked by sculptured 
figures of cupids or mythological crea- 
tures or statuettes of bronze or brass. 
Fig. 14 shows a handsome French mod- 
ern clock on a mahogany base. The 
metal mounting is reddish brass, highly 
ornate, with portions of its surface fin- 
ished in colored enamel. The pendulum, 
a Cupid, swings forward and back in- 
stead of right and left. 

In the making of metal cases Frederic 





14. ORNATE FRENCH CLOCK, MODI 








ART IN 


f western peoples. The Japanese 
ed this system until 1873, and dur 
e period from 1600 to that date, 
three centuries, they used clocks 


they adapted to their peculiar 


ul of 


copyists and they copied the me- 


time reckoning. They were 


eal construction and lantern torm 
early Dutch the 


ing and finish reflected the oriental 


but stvle, 


clocks. 


f art. It was the custom of Japa 


minutiae ot 
the 


se artisans to dwell upon 
Moreover, whether a part of 
Was To be conspicuous or 
all the 


the 


nstruction 

it had to be ornamented like 
Kig. 15 
base contains the mechanism 
like that of the 
‘foliot’’ clocks of the sixteenth century 
this 


"PST In the brass ease on 
vramidal 
‘+h is 


European 


Jlaborate engraving covers entire 
ase and is supposed to be pleasing to 
he eve. The weights are hidden within 
visible only 
en this is the 
m, but these weights, particularly the 
the 


In some of 


wooden base and are 


open, as in illustra 


imb-bell, are covered with same 
profusion of carved tracery 
their earliest clocks the ease of iron is 
silver 
the 
The 


high, in 


beautiful designs in 
the damascening of 
in the Middle Ages. 
five feet 


To the Japanese, short 


nlaid with 
and copper 
armorer’s art 
clock here shown is 
‘uding a hood. 
when not standing, seated 


**tall’’ clock. 


in stature and, 
m the floor, this was a 

It is when an industry is in process of 
development that attempts are made to 
eater to popular taste and also to edu- 
eate it, as seen strikingly during the last 
half century or less in the progress of 
electrical invention, the automobile and 
radio; and in a machine age it is in sueh 
lines of growth that budding artistic 
skill into flower; attractive de- 
signs are constantly in demand and the 
become more exacting with 
Students in art schools 


comes 


demands 
every advance. 
or schools of design, ambitious of achiev- 
ing some great work eventually, seek op- 
portunity to apply their talent by de- 


CLOCKMAKING 


AND WATCHMAKING 




















Fig. 15 


furniture, hi 


signing models of cars, use 
hold appliances, patterns for wall papers 
or for textiles, or what not, in the em 
ploy of manufacturing companies before 
they attain the 


of their own, or 


dignity of an atelier 
and fill pr 
Manufacturers 
the 


well as for 


solicit ivate 


or public commissions 


of elocks and watches are on alert 


Cases as 


for fine designs of 


improvement in the movements An 


agent so potent, so adaptable and all-in 
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Sinuating as electricity Was certain to be and if the clock wil 

enlisted in clockmaking, and although salesman’s counter 

electric clocks have been produced for much about its going afterwar 
many years they had not very encourag prospectus Of a prominent mat 
ing success before the general distribu ing company, making good 

tion of electricity from central stations cently showed about a dozen f 
opened the way for better electric clocks. small eleetric clocks, most of then 
Within the last few vears two types have shape or color, one like a tombst 
been rapidly developed: one, an elee- none noticeably artistic. But, w 
trically controlled ‘‘balance’’ clock; the chaff there is a fair admixtur 
other, the ‘‘telechron’’ or synehro- grain. One leading company lays 
nized alternate current motor. The idea upon the fact that their mode 
caught the public fancy, and the sim- ‘‘spirited designs from Europe’s 
plicity of the mechanism, especially of most casemakers,’’ and they are u 


tionably handsome. Some are 





of early designs and if any rank 
artists may be accorded to Thomas ¢ 
pendale, George Heppelwhite, T 
Sheraton, Duncan Phyfe and others 
produced distinctive furniture 
modern clocks may be considered 
tic, since their makers used (or al 
the Sty les of these masters 

Passing from the artistry of the 
to that of the watch is in some sens 
passing from the grand canvasses 
Paul Veronese or Tintoretto 
murals of Puvis de Chavannes or B 
field, La Farge, Abbey or Sargent t 


exquisite gems of Hans Memling 


warm delicacy of a Claude Lon 
The Post Office Department di 


ENAMEL BACK, shrink from the attempt to put 











rH PAINTED 


+ 


1 Grand Canyon on a postage sta 
Roy, 1730. And whereas in clocks artistic f 
found expression in forms appro] 
the latter form, made it possible to con- to furniture, in watches it necess 
struct them cheaply As a consequence, took on the character of jewelry 
competition was keener to obtain fine’ the purpose of a watch, other tl 
designs of mounting than to make a_ keep time, was to adorn the perso 
fine piece of machinery. Unfortunately, wearer. This was more markedly s 
there are companies operating that are’ early watches, which were worn as n 
less concerned about producing a real for decorative effect as for telling 
work of art than about making some- time; so the art here was that 
thing bizarre in appearance yet cheap goldsmith instead of the cabinet n 
enough to be within the reach of every The work of the goldsmith, silvers 
family, and the country is deluged with and jeweler is among the oldest exa 
millions of trashy clocks, made to sell. of art and is still recognized as art 
The purchaser has a choice of many dif- the manufacture of watches, like tl 
ferent models, the display room is gaudy, clocks, has become subordinate to tl 





ART IN CLOCKMAKING AND WATCHMAKING 





artisan except in the finest speci 

s. It was different before individ 
alism was submerged under mass pro 
‘tion. For everyday purposes the 
tarian does outweigh the artistic 
rota of distinguished clockmakers 


watchmakers would include names 





familiar to artisans of that craft and 





r patrons as the best known among 
ters, sculptors, musicians or any 
her class of creative genius. If a sev- 


enteenth-centurv Duteh citizen alluded ‘ 
: 17th tur 


Renaissance 


is ‘*Frans Hals’’ there was no need 


explain that he meant a painting; if ' a 18 
“al . . a COMpDOsSe rs 

an Englishman of the same _ period 
} ; oom . 7) much 1 be revretl 
alluded to his lompion he was as 
, markable watches 
readily understood to mean his wateh 
. . seums and private collections, 
equally a masterpiece of art; and the ' 
, ; | , name oft the master who has 
iim of such makers to the rank of 


; 


} } ] ' 
wateh work may still be Know) 


artist rests upon the facts that they were 
‘reative and that their work was often seldom that of the goldsmith 
ntellectual more than manual, since it created the hight) artistic ana 
nvolved a good deal of horological '"* the value of the object 
sclence., more Important 
One of the most celebrated collectors Opportunity Tor developing 
watches, Carl Marfels. acquired sey- ideas IS necessarily limited in an 
collections in succession. The first so small as a Warten ; neverthele 
and seeond of these collections became ideas were cdeveloped with cConsidel 
the property of the late .J. Pierpont Mor variety, and both skill and tast 

gan; the third was Mr. Marfels’s erown expended not only upon the wate 
ng achievement It consisted of only and dials but also upon 


twelve watches. but these were of the 





OST exquisite character, and the most 
Important criteria in gauging the merit 
of the pieces were: ] artistic quality ~ 
2) unimpaired state of preservation: 
3) rarity of the objects Note that 
“artistic qualitv’’ is put first. In a 
beautifully illustrated description of the 





third collection by M. Loeske, as origi- 
nally printed in the Deutsche Uhr 
macher-Zeitung, concerning ‘‘the artistic 
treatment of cases, dials and cocks’’ the 
Writer says, ‘‘it is indeed not saying too 
much that this artistic treatment 

can not be surpassed . . . these old mas 








ters of their art will as little ever be 
surpassed as the great Greek sculptors, 


of the great painters of the 16th and 
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that supported the wheels. At first the 
watch was altogether metal work and 
was decorated by carving or engraving ; 
from an earlier period painting on 
enamel was carried to a high stage of 
excellence, and artists in that line rose 
to eminence; about 1635 enamel dials 
began to be used on watehes, and this 
stvle of art was carried over to the finish 


of watches, both face and back. As its 


beauty depends on the coloring it can 


not be satisfactorily shown in a_ black 


and white picture. Their elegance was 
sometimes enhanced by a setting of pre- 
cious stones, and fine specimens of that 
art, rivalling the artistic claims of other 
paintings, now command thousands of 
dollars This mode of decoration con- 
tinued, but with gradual decadence, 
through the eighteenth century 

Styles come and go in jewelry as they 
do in furniture and just as designs of 
clocks varied with styles of furniture, 
so taste in watches varied with that in 
jewelry. The better grade of work has 
usually been in gold and silver; in later 
years platinum has figured somewhat, 
though not largely, and gold and pre- 
cious stones have generally been used 
most effectively. Before the watch was 
SO cheapened that everybody eould have 
one a fine specimen was a luxury that 
appealed to the vanity of the wearer. 
It became a sine qua non in fashionable 
circles, and an ‘‘exquisite’’ among dan- 
dies was not content with mere gold. 
The watch was suspended from a chate- 
laine, and both were richly bejeweled, 
but even that was not enough for in- 
satiate vanity, and in the latter part of 
the sixteenth century the work of the 
goldsmith was further beautified by that 
of the lapidary, and watch cases were 
made of single crystals of quartz. Clear 
and highly polished they rivaled even 
the diamond in beauty. Fig. 17 shows a 
fine specimen. 

The watch in Fig. 17 has a erystal case 
that is a round, deep cup with a lid, also 


of rock crystal. The pendant ki 
ring are of gold, and the lid is he 
a gold band. The entire case. in 
the lid, is smooth on the ins 
finished on the outer surface w 
ished triangular facets, more 
hundred and fifty in number 
movement, finished largely in gol 
less artistic Through the trans 
case is seen the entire moveme 
deeorated in gold—the re: 
watchmaker’s dream It 
cier, of Paris, about 1695 
watch was especially favored in | 
and Germany during the seve 
century In another style of dee 
repoussee, the case was stamped 
within, producing in 
sculpture or a copy 
is illustrated in Fig. 

Watches as well as clocks 
the form of oddities sometimes grot 
not always pleasing (as, for exan 
skull or some distorted figure), and 
lacking esthetic features that mig! 
title them to be regarded as fine art 
the world war the watch was ¢a 
service as never before in military 
tions, and the practise of wearing 
the wrist became common The s 
practise was taken up by civilians 
the beau monde soon called for patt 
of taste and beauty. so the wrist w 
has been produced in styles bot! 
tesque and arabesque 

The seientifie character of the 
has been developed more than the 
tic, but at no time has a maker ot! 
rank or a company producing first 
timepieces failed to employ high art 
ability to provide suitable cases in w! 
to mount the movements; and few in 
trial arts employ as great diversity) 
talent as does the making of clocks 
watches, where subjects range from | 
structures of stone or wood, throug 
termediate sizes and forms, to miniati 


and gems. 





THE NATURE OF CANCER 


By Dr. J. P. SIMONDS 


PROFESSOR OF PATHOLOGY, NORTHWESTERN 


CANCER, like life, still baffles the sci- 

entist who searches for the deeper secrets 
its nature. 

eancer is very definitely a form of life. 
But to say that we know nothing of the 
nature of cancer is to take too pessi- 
mistic a view. When the isolated known 
facts concerning this disease are brought 
together they not only form a surpris- 
ingly large mass, but when pieced to- 
gether they form a remarkably complete 
pattern from which one may judge its 
nature with some degree of accuracy. 

Cancer is not now believed to be the 
result of infection with any known type 
of microorganism. The reasons for this 
belief are numerous. Every known type 
of microorganism —filterable viruses, 
bacteria, fungi, and 
even metazoa—have been charged with 
the erime of inducing cancer. But no 
single species of parasite has been iso- 
lated from cancer with any degree of 
constancy ; and none of those which have 
been isolated have unquestionably in- 
duced well-authenticated The 
only exceptions to the last statement are 
the filterable virus of chicken sarcoma 
and the infectious genital ‘‘sarcoma’’ of 
But these are strictly limited to 
the respective species of animal. 

All infectious diseases have a period 
of incubation during which the invading 
microorganism is increasing to sufficient 
numbers in the body to induce symp- 
toms. It is true that in some chronic 
infectious diseases, such as tuberculosis 
and leprosy, the incubation period is not 
clearly recognizable. In cancer no incu- 
bation period exists in the sense in which 
it was defined above. In experimental 


Perhaps this is because 


yeasts, protozoa 


cancer. 


dogs. 


Or 
000 


UNIVERS CHOO! 


| 


tar cancer, a probal 
taneous cancer. 

latent period. But 
opment of the disease 
of ; 
Furthermore 
will 
ta 


more 


ly a 

is a relative! 
this delay 

is not 
slow growth 
the 


agents which 


ny micro 


rvan 


body. I 


most < 


experim<¢ ntal 


induce 


canecer—such as r, arsenic, shale oil, 


soot — have or less vermici 


power. 


} 
A 


In infectious diseases some degree of 
immunity develops and can be demon 
strated the of 
bodies in the serum. No such immunity 
It 


even claimed by Freund and Kaminer 
that normal human serum will cause the 


by presence immune 


to cancer has been demonstrated 


lS 


lysis of human eancer cells, while serum 
from a cancer patient will not. 


Cancer does not 


‘ 


behave like an it 


tious disease. When pathogenic mic 
the bi 
polymorphonuc 


organisms enter the tissues of dy 
many types of cells 


yal) 


Api 


ear 


leucocytes, lymphocytes, plasma cells 


endothelium and 
take part in the processes of 
he 
organisms and the repair of the damag 
which they do. In ty} 
cell not only predominates, but the con 
blood 
within the tumor merely furnish passive 
support the 
Neither the tissues in 
cancer is growing nor the body 
whole offers any effective resistance to 
the growth of the cancer. 


histiocytes, 
fibroblasts 


capillary 


resistance to the invasion of t micro 


cancer one e Ol 


nective tissue stroma and vessels 


Lo 


dominant 
the 


or nutrition 


cells. whic 


as 


qaiseas 


If cancer is not an infectious 


e, 
two corollaries naturally follow. First, 
There 


danger of a healthy person’s ‘‘ cat 


cancer is not transmissible. is no 
ching’”’ 
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the disease, no matter how closely he 
may be associated with the patient. 
Second, there is no stigma or disgrace 
attached to cancer. It is not a ‘‘blood 
in the sense in which that term 
is used by The feeling of 
shame which many cancer patients have 
is one of the most serious obstacles in 
the way of successful treatment of the 
disease, for it leads to delay and delay 


disease’’ 
laymen. 


is fatal. 

Even the layman 
eancer is a growth. 
normal attribute of living tissues. To 
appreciate the peculiarities and to under- 
stand the nature of cancerous growth it 
is necessary to contrast it with normal 
growth as it occurs in the developing 
embryo and in the regeneration and 
repair of injured tissues. 

Every human being begins life as a 
single cell, the fertilized ovum. This 
cell divides into two, these into four, 
and this process of cell division at first 


recognizes that 
Sut growth is a 


proceeds at a rate that no cancer can 
equal. This rapid multiplication of cells 
proceeds in an orderly fashion and de- 


velops a definite pattern. The particu- 
lar pattern developed is the result of 
many factors. 

(1) Heredity. Each species of ani- 
mal has its own pattern of growth. In 
the development of the human embryo 
certain faults in reproducing the normal 
pattern may occur. Some of these 
faults, such as Cohnheim’s embryonic 
rests, may be a factor in the later occur- 
rence of cancer. 

(2) Orientation. Very early in the 
process of growth the mass of cells, pos- 
sibly the original fertilized ovum, be- 
comes orientated with reference to itself 
into cephalad and caudad, anterior and 
posterior, the right and left, parts. 

(3) Formation of embryonic layers. 
With the infolding of the hollow sphere 
of cells the ectoderm, entoderm, and 
mesoderm originate. 


(4) Differentiation. From these sev- 
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eral embryonic layers the various org 
of the body differentiate in accorda 
with the special pattern of the syx 

(5) Subordination of the org 
The size of each organ is subordir 
to the size and needs of the organis: 
a whole. 
volume. 
Transference of energy of gr 
into energy of function. In 
stages the chief need of the embry: 
the development of its organs with t 
potentialities of later function. 
these organs approach or reach 
requisite size the rate of growth 
down. The enormous energy previ 
used up in growth is now availabk 
the performance of function. 

Throughout normal embryonic growt 
the enormous rate of 
number of remains within 
limits of its special pattern. The rat 
of growth gradually decelerates until at 
birth it is proceeding at a leisurely pace 
which is progressively retarded after 
birth until it ceases or at least become: 
balanced with the loss of cells due 
wear and tear, when the individua 
reaches his full stature. 

The transference of energy of growt 
into energy of function is not an irr 
versible change. When tissue is d 
stroyed, the adjacent cells regain their 
power of regeneration in inverse pr 
portion to their degree of differentiat 
and specialization. These cells revert t 
a more embryonic type but still mair 
tain the quality of obedience to the la 
of growth observed by embryonic ¢ 
in general. Since the connective tissu: 
are the least differentiated, they take t 
dominant rdéle in repair with the ult 
mate production of scar tissue. But 
the process of repair the growing ¢ 
reproduce the patterns of their resp: 
tive tissues; keep within the limits of 
the needs of the occasion; do not invad 
healthy surrounding tissues, nor pr 
duce metastases; do not exceed thé 


No organ exceeds its al 


(6) 


its ear 


increase in 


cells 
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amount necessary to adequate replace- 
ment of the cells originally destroyed ; 
progressively diminish their rate of 
growth as the goal of complete repair 
is approached; and cease to regenerate 
once the destroyed tissue has been re- 
placed and the damage repaired. The 
growth of repair is not continuous, and 
the newly formed cells differentiate and 
nature. Occasionally the production of 
sear tissue may be too luxuriant, giving 
rise to the keloid not infrequently seen 
in the Negro race. If the 
repair occurs in a region which is also 
the seat of chronic inflammation, any 
epithelium which is involved may 
undergo such marked hyperplasia and 
even metaplasia as to resemble a malig- 
nant growth. But when the inflamma- 
tion subsides, the epithelial hyperplasia 
and metaplasia cease and most of the 
proliferated epithelium disap- 
pears or becomes walled off by connec- 
tive tissue. 

Cancer begins in one place from a 
single cell or from a small group of cells. 
In its early stages it is, therefore, a local 
disease. But the growth of cancer cells 
differs in almost every respect from the 
normal growth of cells in the developing 
embryo and in the process of regenera- 
tion and repair. Although the cancer 
cell is derived from the cells of the body 
it is quite unlike any other cell of the 
body in any stage of its development. 
Cancer cells have undergone dediffer- 
entiation, but they have not become 
embryonic cells. Their rate of growth 
is essentially continuous without the 
normal retardation as some goal is ap- 
proached, for they have no goal; they 
do not reproduce any pattern, or do so 
only imperfectly; their growth is not 
oriented, but proceeds irregularly in all 
directions; they acquire a new habit of 
growth, become autonomous and are not 
controlled by the law of the needs of the 
body as a whole; they force their way 
into surrounding healthy tissues and de- 


process of 


excess 


invade blood and 
and are 


body where 


stroy them; 
lymph vessels 
parts of the . 
foci of cancer growth; their energy 


they 
earried to distant 


they form new 


growth is never transformed int 


because 


function 


useful 


energy of 
form no purpose 
they acquire a new habit of respi 
anaerobic glycolysis, and produce 
acid even in 


quantities of lactic 


ence of an abundant 


supply of 
a process which neither embryonic 


adult or mature cells exhibit whe 
supply of oxygen is adequate 
characteristics mark the cancer cel 
something quite different from any nor 
mal cells of the body at 
development. 


What causes this deep-seated, 


any stac 


mental change in one or normal 


cells of the body to transform them fr 


more 


useful units in the economy of the body 
into the racketeering elements that they 
Neither do we 
know what causes the original fertilized 


become, is unknown. 
ovum to proliferate at such an amazing 
rate. But to say that nothing is known 
concerning the cause of cancer is untrue 
Quite enough is known concerning the 
agencies and influences that will induc 
eancer to justify efforts directed toward 
its prevention. The present status ol 
the cancer problem can best be intro 
duced by a brief historical survey of our 
knowledge of this disease. 
Cancer is a very old disease. Fossil 
remains of dinosaurs and of pithecan- 
thropus erectus show evidence of tumors 
The 1500 


section on Even 


of bone. Ebers 
B.C. 
in the 
placed votive statuettes in the temples 


in the hope of being ecured of disease 


papyrus 
has a tumors 


days of Hippocrates patients 


such clay model of an 
the breast is 


Physicians have there 


and at least one 
ulcerating 
still in existence. 
fore recognized cancer for more than 
3,000 years. But it the 
invention of the microscope and espe- 


carcinoma of 


was not until 
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cially the discovery of a method of sec- 
tioning and staining tissues that the 
true nature of cancer was revealed and 
a means provided for its accurate differ- 
entiation from other diseases which re- 
semble it in gross appearance. 

The first phase of the development of 
modern knowledge of cancer—its micro- 
scopic diagnosis—began with Virchow. 
This advance added relatively little to 
the fundamental problem of the etiology 
and essential nature of cancer, but the 
method still has everyday practical ap- 
plication in every accredited hospital. 
The limitations of this method were soon 
recognized and scientists turned from 
this narrow field of observation to the 
broader and more stimulating but treach- 
erous field of theory. The last third of 


the nineteenth century saw the birth of 
Cohnheim’s theory of embryonic rests, 
of Weigert’s theory of tissue balance 
and numerous other attempts to solve 
the problem merely by ‘‘giving thought’’ 


to it—a method which has not added one 
eubit to stature of our knowledge of 
cancer. 

A new impetus was given to the study 
of cancer when Jensen, in 1903, reported 
the transplantation of a tumor from one 
rat to another and described adequately 
the conditions essential to successful 
transplantation. The yield in knowl- 
edge from this procedure was disap- 
pointing. The chief contributions from 
this source were: (1) that it is the trans- 
planted tumor cells that grow in the host 
animal; (2) that the tissues of the host 
take no part in the growth except to 
furnish a supporting framework or 
stroma; (3) that some animals possess 
a high degree of resistance to trans- 
planted cancer which is unable to grow 
in them; (4) that the presence of one 
growing transplanted tumor renders the 
animal immune to a second transplanta- 
tion of the same tumor; and (5) that 
transplanted tumors do not ordinarily 
metastasize but may be made to do so 
by massage and other rough handling. 
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Before the depression due to disay 
pointment with the yield of knowlede 
from Jensen’s contribution had reached 
serious proportions, Fibiger 
the finding of carcinoma in the stoma 
of a rat infested with a nematode worm 
Learning that the larvae from this para 
site occurred in cockroaches he searched 
for months through the City of Cope: 
hagen for these vermin infested with t 
desired nematode larvae. He fina 
found an abundant supply in an 
sugar mill in the outskirts of the cit 
only to have the mill burn down imm: 
ately thereafter. But this method 
experimental production was too uncer 
tain and was soon replaced by a m 
reliable and simple method. 

About the middle of the nineteent 
century, Virchow had insisted that 
chronic irritation was an important fa 
tor in the causation of carcinoma. B 
1914, numerous types of occupationa 
cancer were known to follow prolonged 
relatively mild irritation by chemica 
and physical agents; such as, ‘‘chimney 
sweep’s cancer,’’ due to irritating effect 
of soot collected in the folds of the skin 
of the scrotum; cancer of the lung i: 
the workers in the cobalt mines of 
Schneeberg, Germany; ‘‘mule spinner’s 
cancer,’’ due to the action of lubricating 
oils on the skin; cancer among shale 
workers, probably due to paraffine; car 
cer of the bladder in aniline workers; 
eancer developing in chronic ulcers of 
the skin among the early workers wit! 
x-rays; cancer of the cheek in chewers 
of the betel nut; and ‘‘Kangre cancer’’ 
on the front of the abdomen of inhabi 
tants of the Vale of Cashmere, who 
carry a small stove in a wicker basket 
under their garments. 

In 1914 Yamagiwa and Itchikawa de- 
scribed a reliable and effective means of 
producing cancer experimentally by the 
simple procedure of painting the skin 
of an animal with gas-house tar. The 
world war prevented an immediate 
capitalization on this important dis- 


reported 
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covery. Since 1918 the number of 
papers published on experimental tar 
eancer thousand. Many 
principles have been developed that have 
practical application in human cancer. 
(1) There are marked individual and 
species variations in susceptibility to the 
The differ- 


indi- 


exceeds one 


carcinogenic action of tar. 
ent degrees of susceptibility of 
viduals of the same species is probably 
related to heredity. For Lynch found 
that the incidence of cancer in a strain 
of mice with a definite cancerous hered- 
ity could be increased from 37.04 per 
eent., which was normal for the strain, 
to 85 per cent. by painting the skin with 
tar. But tar will induce cancer in a 
smaller, but still considerable, percentage 
of animals without this hereditary ten- 
dency. The effect of tar on different 
species is interesting. Mice most 
susceptible to its carcinogenic action, 


are 


rabbits somewhat less so, while dogs ap- 
pear to be quite immune. It is almost 
or quite impossible to produce carcinoma 
of the skin of a rat with tar, but sarcoma 
of the subcutaneous tissues can be in- 
duced. 

(2) For the successful production of 
tar cancer the degree of stimulation is 
important. If the irritation of the tar 
is too severe only simple ulceration usu- 
ally results; if it is not strong enough, 
only papillary hyperplasia of the sur- 
face epithelium occurs. This necessity 
for a rather fine adjustment of the de- 
gree of irritation is a possible explana- 
tion of the failure of many forms of 
chronic irritation to produce cancer in 
man. 

(3) Cancer rarely develops in mice 
or rabbits in less than 5 months after 
the beginning of tar painting, and tar 
cancer will develop in young animals 
just as readily as in old ones. These 
facts have led to a reconsideration of 
the relation of age to j;1uman cancer. 
Before these facts were known many 
pages had been written and many 


+ 


theories advanced Oo account 


more frequent urrence ol 
in persons past forty 
general view was th: 

rears resulted in disturbance 


tion or in nutrition of the 


an alteration in the balanced 
between epithelium and connectin 
which, in some 


sue way, 


way for care 

months in the life 

equivalent of from 9 to 15 years ll 
life of a man. Hene 
nation of the more frequent occurr 
of cancer the age 


a modern exp! 


after 
chronic irritatior 
velop before the 
9 to 15 years necessary for them 
duce cancer would place the onset 
disease in the 5th decade or later 

(4) When a fairly large area of ski 
is painted with tar, cancer develops in 
this first cancerous 
spot is removed another cancer will de 


one spot only. If 


' 


velop in another part of the painted 


cancerous 


The 


growth in th 


area. presence of one 
tarred 


influence on the 


area exercl 


restraining 


thelial cells which have been equa Ly 


irritated. This probably is one ol the 
the Tae that spont 


ineous 


reasons for 


eancer is unifocal origin, regardless 
of the extent of the 


The occurrence of a new but not recur 


revion irritated 


ring second cancer in a person who has 
previously had such a tumor removed 
is probably an indication that the first 
tumor was completely eradicated Car 
the 


develops in the base of one of multiple 


cinoma of large bowel sometimes 


benign polyps. Only when such a 
the rema 
] 


polyps may give rise to a second 


cer is removed one of 
noma. 
5) Tar cancers 


metastasize and car 
not badly 


Too 
behave in all es 


be transplanted, if 
fected. Hence they 
sential like 
For this reason experimental tar 


respects spontaneous can 


cers. 
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cancer in lower animals has furnished 
much valuable information applicable to 
the disease in man. 

The second important factor in the 
causation of cancer is heredity. Dr. 
Maud Slye in a study of the relation of 
heredity to cancer in more than 100,000 
mice, all of which were descendants of 
some 7 or 8 original individuals, has 
concluded that not only a tendency to 
cancer in general, but also a tendency 
to organ specificity for cancer are in- 
herited as a Mendelian recessive charac- 
ter. C. C. Little and others have also 
shown a definite relation between hered- 
ity and cancer in mice. These investi- 
gators do not agree in the interpretation 
of their results on the basis of genetics, 
but they all agree on the observed fact 
that spontaneous cancer occurs with 
much greater frequency in mice that 
have a cancerous heredity. 

The fact that these experiments on 
mice involved a degree of inbreeding 


never present in human heredity renders 


it doubtful whether the conclusions 
derived from them apply with equal 
ecogency to human cancer. Cancer sta- 
tistics are notoriously unreliable. Care- 
ful analysis of as reliable statistics as 
are available by C. C. Little and others 
indicate that the incidence of cancer is 
higher among persons one or both of 
whose parents died of cancer than 
among persons without this hereditary 
background. Cancer of the uterus is 
rare among Jewish women, and of the 
breast among the women of Japan. In 
each instance there is almost complete 
racial purity due to prejudice against 
any form of miscegenation. The total 
death rate from cancer is remarkably 
alike in all the countries of Europe. 
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But the distribution of cancer among 
the organs of the body shows a mark 
variation in different nations. This ma: 
be the result of an inherited organ sg; 
cificity for cancer, kept active by 
preponderance of matings between 
sons of the same nationality. There a 
therefore, certain reasonably well-esta! 
lished facts which indicate that heredit 
is a factor of importance in the ocew 
rence of cancer in man. But an hered 
tary tendency toward cancer in m 
and men behaves as a Mendelian reces 
sive with all the biological implications 
of that term. 


SUMMARY 


(1) Cancer is not an infectious dis 
ease, is not transmissible and carries 1 
stigma of which the patient need 
ashamed. 

(2) Cancer cells are derived from t! 
cells of the patient’s own body. Th 
undergo some deep-seated change t! 
renders them fundamentally unlike any 
other cells of the body in any stage 
its development. They acquire a new 
habit of growth, an altered relation 
the neighboring cells and to the bo 
as a whole and an abnormal method « 
respiration. 

(3) The most important agencies or 
influences that induce cancer are hered- 
ity and chronic irritation. Heredity 
furnishes cells some of which are suf 
ciently unstable that prolonged irrita 
tion induces a complete alteration in the 
nature and habits of one or more espec 
ally susceptible cells and they become 
eancerous. Most cancers appear to be 
the result of the combined action of 
heredity and chronic irritation. 





ALGAE OF BIZARRE ABODES 


By Dr. LEWIS HANFORD TIFFANY 


PROFESSOR OF BOTANY, 
ALGAE grow in many and diverse 
habitats. They are found in fresh 
in salt water, in mountain torrents and 
soil 


and 


quiet pools, on the surface of the 
and at considerable depths, on ice and 
on snow, from 300 feet below sea level 
to alpine heights, and from the equator 
to the poles. Perhaps it should not be 
surprising that algae live and reproduce 
in a multiplicity of environments, al- 
though the characteristics of protoplasm 
that permit survival under such ex- 
tremes are well-nigh inexplicable. 
Algae are also more or less intimately 
associated with numerous other living 
organisms, both plant and animal. An 
alga, in addition to the various habitats 
just enumerated, may live in or on an- 
other plant; or it may live in or on an 
animal. A short list of such animate 
‘“‘hosts’’ ineludes bacteria, fungi, liver- 
cyeads, tea 
yater fleas, worms, sponges, cock- 


worts, magnolias, oaks, 
plants, 
roaches, guinea pigs, ducks and chickens, 
bears, horses, cattle, sheep, goats, hogs, 
and even you and me. Truly there are 
agencies even outside politics that make 
for ‘‘strange bedfellows.’ 

Many species of algae are free-floating 
and constitute the so-called phytoplank- 
ton, or plankton algae. The aquatic 
forms, exclusive of the plankton, may be 
roughly termed sedentary or attached. 
Such plants may grow on almost any 
conceivable object or substrate: a reed 
or a rush other plant, 
an alga, an animal, a rock or a stone, a 
dock or a boat or a ship, a shell, the 
bottom of a lake or the bed of a stream, 
a log or a stick. The algae may be 
attached by special hold-fast cells or by 
stalks and other forms of jelly-like 
material. 

Every one has seen long strands of 
Cladophora in running water; bright 


sé , 


or some seed 


OHIO STATE 


541 


UNIVERSITY 


ij 
i 


+ 
SLOneS 
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vreen coatings o 
lake margins; 
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cloniuum o 
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slippery US 


s oO 


rocky seashores : 


logs quiet 


0 
perennials and 


Rivularia on sticks and in 
water. some 
and Rhizoclonium, 
may be nes ; the 
year. Most of the attached algae, h 


ever, are abundant only at certain defi 


forms, like ladophora 
are 
seen irly any time « 


W 


nite and rather short periods of time 
Ulothriz in early spring and Rivu 
for 
The particular object 


aria 
examples 


to 


in late summer, 
at 
tle 
1) 


ty 


whicl 


tachment is made appears to bear |) 


or no relation to any specific alga e 
greatest factor is undoubtedly proxim 
to the algae at the form: 
tion. Rough surfaces with small inter- 
stices lodgment 


th 


time of rma 


spore 


c 


ol 


better sources 
than smooth In 
nating spores of some algae, like Oedo 
im 


4] 
t 


are 


fact, e germ! 


ones. 


gonium or Bulbochaete, make rather 


r none at all in smooth 


perfect holdfasts o 
Discarded and untenanted 


glass vessels. 
furnis!| 


I 


snail shells of the rougher sort 
ideal fo Cladophora 


Stigeoclonium spores which upon germ) 


lodgment r and 
nation and growth give the appearance 
of ‘‘life anew’’ to 
eastaways. Many 
the larger marine forms, grow on st 


such gastropodous 


algae, particularly 


Nes 


and rocks and are called lithophytes 
Partially or nearly submerged stones, 
ad 


n 


sticks and logs may be covered by 


hesions of gelatinous material conta 
ing in particular blue-greens and dia 
toms. Nostoc, and 
Oscillatoria may lie very close to the sur 
face of the substrate; and 
Navicula may produce ever-lengthening 
stalks of mucus that supports tl ral 


ti 
cells at some distance from t 


Cylindrospermum 
Gomphone ma 


e 


a 


he 


» rock or 
stone. 
Many of 


algae discussed above 


the 
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become planktonie when the warm water (University of Prague) has been 
dissolves the supporting mucilage. Great to get filaments even of such alga 
quantities of diatoms loosened at one Spirogyra free from bacteria by 
time by a sudden increase in water tem- quent shakings of vigorously er 
perature often form ‘‘pulses’’ in plants in distilled water. 
streams. Similar ‘‘blooms’’ develop in The non-aquatie epiphyte is per 
lakes and ponds with prodigious ra- more common to most of us. Pl, 
pidity after germination of spores in coccus (Protococcus) has been k: 
the bottom mud and rise of the young for years as a name for the gre 
plants to the surface of the water. incrustation on many tree trunks 
Algae attached to other plants and _ usually occurs on the less lighted 
growing there are referred to as epi- sometimes leeward side of the tree, 
phytes. They should not be confused rarely grows in latitudes with an anr 
with the colorless parasites which de- rainfall of less than twenty inches 
pend upon their hosts for sustenance. is more common on some trees tl 
Among seed plants we are familiar with others, and this may be due to d 
epiphytic mistletoe, air plants and tropi- ences in roughness of bark, humidity 
eal orchids. Many kinds of algae, such the air or age of the tree. Trentep 
as Aphanochaete, Bulbochaete, Stipito- and Prasiola are also conspicuous n 
coccus or Cocconeis, may grow upon bers of what one might call aerial a 
other algae like Vaucheria, Cladophora those growing on barks of trees as 
or Mougeotia. In aquatic situations the as on woodwork, masonry, stones 
leaf blades, leaf sheaths and stems of cliffs not submerged. Aerial algae 
practically all macrophytes serve as ob- thought to require an atmospher 
jects of attachment for algae. Cattails rather high humidity, even though 
and some smartweeds rarely have abun- area may be extremely localized. 
dant algal epiphytes, and it is quite Pleurococcus seems actually to req: 
possible that there are degrees of epi- very little water and so thrives in 
phytism among different plants. of ordinary moisture content. It 
It is well known that peripheral parts characteristic of such algae that t 
of most algae are quite gelatinous. The are able to withstand long periods 
slipperiness and sliminess of filaments of desiccation without any appreciable 
Spirogyra; the colonial matrix of Vol- jury to the vegetative cells. W! 
vor, Microcystis and Tetraspora; and moisture becomes available, the p! 
the enveloping sheaths of Lyngbya and show rapid increase in greenness 
Scytonema are familiar to all. These vegetative activity. Apparently 
mucilaginous coats are excellent habitats cells are practically impermeable 
for bacteria. In most aquatic forms water during these droughts, 
the association is probably quite acci- Fritsch suggests that they are ther 
dental, and during vegetative growth a state of ‘‘paralysis.’’ Their pr 
the algae and bacteria may bear no rela- plasts contain no large vacuoles, 
tion except as space partners. In soil the protoplasm survives without the cu 
algae, however, the two members may tomary water supply. Whatever t 
be mutually helpful in nitrogen fixation. explanation of such remarkable r 
Mass accumulations of algae are doubt- tance to arefaction, it is quite evid 
less hastened in their decomposition by that something besides visible structu! 
associated bacteria of deeay. Bacteria modification is fundamental. 
in the sheaths and coats of many algae In discussing aerial algae one finds 
are so nearly ever-present that it is_ it difficult exactly to delimit and classif; 
practically impossible to grow absolutely Many observers in tropical regions hav: 
pure cultures of some species. Czurda been impressed with the prodigious 
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abundance of aerial and subaerial algae 
growing on every stone, tree trunk, wall 
snd roof, as well as on the ground. It 
has even been facetiously remarked that 
algae are found on some of the more sed- 
entary brethren among the natives, but 
the writer has not verified such observa- 
ion. It is true that in 
cessive rainfall algal mats may be seen 
crowing on almost any conceivable ob- 
ject. The algae are usually dark green 
rather than light green in color, and 
the blue-greens loom large in the com- 
position of the flora. Colors vary all 
the way from bright blue to dark blue- 
green or nearly black. Trentepohlia 
along with a few other genera of green 
algae is very abundant, but it is usually 
some shade of orange-red unless growing 
in shady places. 

Not easily separable from the above 
are the algae which grow on the leaves 
of other plants: the so-called epiphyllous 
algae. They do not differ materially 
from bark epiphytes and other aerial 
forms. They suffer little 
from desiccation the high 
humidity to which they are nearly con- 
tinuously subjected. Some forms grow 
in intense light, while others are found 
in considerable shade. The number of 
species of epiphyllous algae is probably 
not large because the same plant may 
occur on almost innumerable hosts. The 
number of individuals, however, is 
doubtless equal or perhaps superior to 
that of any other group of plants in the 
tropies, with the exception of the bac- 
teria. 

There are various 
phyllism from the casual epiphyte to 
the real parasite. Most epiphyllous 
forms are disk-like, subecuticular or 
merely place epiphytes. There are, how- 
ever, a few genera that seem to be re- 
stricted to localized leaf areas. One of 
the most interesting is Palm’s Stoma- 
tochroon' which the stomatal 
cavity of the leaf and is apparently an- 
chored there by a lobed holdfast. The 

1 Arkw. f. Bot., 25 (A, 16): 1-16, 1934. 
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degrees of epl- 


fTOWS in 


alga consists of a few cells, 


through the stoma and is 


cavity 


on a wide variety of host plants, 
and wild. It 
most widely distributed epiphyllous a 
of the tropics 

of dense s] ade, it 
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bush 


cultivated 


is per! a 


Rare in virgin f 


grows on open, 
vegetation of wa 


land, on low 


weed and 

fallow rrowing sé 

jungle, on pastures and on gard 
The 


golden yellow 


orchard plants. aerial part 


Stomatoc hroon are 
tense purple or brown, due to a ric] 


The } 


is curiously enough vivid gré 


of hematochrome in the cells 
cel 
devoid of hematochrome 
through the 


Stomatoch roon 


Passage stomata 
seems 


It has be 


amoeboid cel are 


ease of 
merely a matter of growth 
reported that 
sponsible for the entry into leaves 
species of Chlorochutrium and Syn 
trium. 
cuticular and epidermal lesions by 

When the algae are merely sur 
face epiphytes, no apparent injury oc 
Complete covering of 


Cephaleuros gains adit thr 
spores. 


curs to the host. 
leaf perhaps prevents the 
penetration of rays of light of 
wave-lengths, the data 
cient to draw any inferences. 
subeuticular and 


areas of the 
certain 
but are insuffi 
It is when 
are 


that 


such algae 

epidermal! 

evident. 
Stomatochroon may cause coppery 


pathogenicity bex 


} 


yellowish-red discolorations of the 
of the host. 
least pathogenicity, however, is show 


True parasitism, or 
by the nearly ubiquitous Cephaleuros of 
tropical and subtropical regions It 
grows in Florida, ' 
on grapefruit, sweet lemon, Cub: 


+ 


according to 


magnolia, loquat, 


tangerine, 


dock, tea, 
Spanish jasmine, 


orange, cinnamon, fringe tree, 
privet, bay and coral berry. T! 
are usually the parts infected 
occur on both twi 


is sufficiently important 


the alga may 
fruits. It 
2 Jour. Elisha Mitchell Sci. Soc., 45 


205, 1930. 
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India on tea to be locally known as ‘‘red 
rust.’’ 

Cephaleuros normally causes velvety 
reddish-brown to orange colored cushion- 
like patches. If the epidermis is smooth, 
it may be found on both sides of the 
leaf; if the leaf is hairy on the lower 
surface, the alga appears on the upper 
side. It may be purely superficial, it 
may grow between the cuticle and the 
epidermis, or it may extend between 
adjacent epidermal cells into the chlor- 
enchyma. The vegetative portions of 
the plant then may be strictly endo- 
phytic. 

On the magnolia such 
not noticeable till autumn 
leaves are about five months old 
thalli enlarge during the winter, 
just prior to the rainy season—eight 
months after infection—both stalked and 
sessile sporangia appear. The plant con- 
tinues to grow, and both sporangia and 
zoospores are produced throughout the 
summer, thus spreading the infection. 
Water and mineral salts are taken from 
the host by the Cephaleuros thalli. Leaf 
cells adjacent to the alga die without 
modification in most plants, but in a few, 
cork formation is initiated: The algal 
parasite is usually controlled by defolia- 
tion, by fungicides and by the cultiva- 
tion of vigorous plants. 

Some groups of algae live almost en- 
tirely within other plants and are known 
as endophytes. Most of them are per- 
haps merely space-endophytes; that is, 
occupying the intercellular cavities only. 
Species of Entocladia may grow within 
the wall layers of other algae, like 
Rhizoclonium. <A species of Chlorochy- 
trium inhabits duckweeds, hornwort, 
elodea and some mosses; an Anabaena 
lives in Azolla; and a Nostoc is found 
inside the thalli of the _ liverwort 
Anthoceros. Another species of Nostoc 
grows in the root tubercles of a cycad. 

A most interesting group of algae, 
made up of blue-greens and greens, be- 
longs to the algal constituents of lichens. 
A lichen is generally considered to be 


infection is 
when the 
The 


and 
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a mutual association of an alga a: 
fungus, perhaps symbiotic, perhaps 
The fact that one of the associat 
holophytic, while the other is not 
to the early conclusion that the two ar 
mutually dependent and beneficial! 
alga furnishing carbohydrates thr 
photosynthesis and the fungus offer 
protection and an added water sup 
Perhaps the most remarkable t! 
about lichens is their ability to wit 
stand extreme desiccation. 

Most of the algal constituents 
lichens are not aquatic and when 
from the fungus grow in moist 
shady places as epiphytes or aerial fon 
on stones and and tree 
The fungi are largely Ascomycetes. 


walls 
Algae may also be epizoic. Comn 
examples are Synedra on 
Characiopsis on rotifers and Chara 
on certain crustacea. One species 
Charactopsis, for example, is often foun 
only on the tail of a small crustace 

(Branchipus), while another and related 
epiphyte may be confined to the forward 


copep 


appendages of the same animal. T! 


is certainly a case of ecological di 
tiveness with a vengeance. Algae 
found, in addition, on protozoa, am 
pods, water fleas, fishes and turtles 

In summer one can easily get a siza 
collection of the attached Basiclad 
(freshwater Chaetomorpha) by cate! 
turtles conveniently carrying on tl 
backs firmly anchored tufts of the gre 
filaments. In fact Basicladia is on 
the few algae that may be identified 
a distance, ‘‘on the go’’ and by 
‘fecompany it keeps.’’ Several 
of blue-greens, reds and greens are 
sociated with sponges; in some eases t! 
relationship seems to be symbiotic 
will be mentioned later. 

Perhaps the strangest algae of al! 
the endozoic forms. Man has 
known that his digestive tract, as w 
as that of many another animal, co! 
tains a regular menagerie of bacter 
and protozoa—organisms sometimes 
and destructive but usual! 


spe 


noying 
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mless and perhaps even 

comfort and gastronomic happiness. 
It is only recently, however, that the 
jvae have been found as a part of this 
strange assembly. Animals aquatic and 
terrestrial, vertebrate as well as inverte- 
rate, great and small, are now thought 
to be hosts to certain species of algae, 

only in their stomachic and intes- 
tinal tracts but even sometimes in the 


necessary 


-avity itself. 

earliest known endozoic algae 
probably the ‘‘Zoochlorellae’’ 
und growing in apparently symbiotic 
relationship with infusoria (Parame- 
um, Stentor) and especially the green 
Hydra. Chlorella oceurs in the cells of 
Hydra viridis; 
with the worm Convoluta; and numer- 


hodv 


The 


were 


Carteria is associated 
us species belonging to such genera as 
Struvea, 
Aphanocapsa, Phor- 
midium and Lyngbya are intimately as- 
sociated with 
Aphanocapsa (A. 


Gongrosira, Spongocladia, 


Thamnoclonium, 
sponges. A species of 
raspaigellae) occurs 
in the cells of sponges growing at depths 
f from 10 to 25 meters. Chlorochy- 
trum is reported to grow in the skin 
of carp. 

It was just about a century ago that 
Valentin and Farre noted blue-green-like 
iigae from the intestine of the human 
species. Most of the work on endozoic 
algae, particularly of vertebrates, 
been done, however, during the last two 
leeades.* The hosts are numerous. The 
algae, though apparently strictly para- 
sitie or saprophytic within the animal 
digestive tract, may become holophytic 


has 


when removed to a lighted environment. 
It has been occasionally objected that 
internal inhabitants merely 
chance visitors from food eaten by the 
The clear, how- 
3 Annales de parasitologie humaine et com- 
parée (Paris) 1: 75-89, 113-123, 1923. 


these are 


host. evidence seems 


that actual attachment 
with the 
live and grow endozoically 
able periods of time 

A partial listing may 
the 
pensities of inhabiting 
Oscillospira rted fr 
guinea pigs, tadpoles and deer; Sim 
siella from pig, ¢ 
sheep and fowl; Al (which by 
way looks more 
tom than a 
pharynx of a hen and from the intestine 


ever, 


intestinal wall and 


for 


sufhee 


ramifications of the ecological! 


vertebraté 
bes n 


has rep 


man, horse, cow, 


”? 
/Sietid 


like a filamentous 


su 
irom ie 


blue-green 
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sheep and goats; Ana 
baeniolum from guinea pig, man and th 


ruld be 


of horse. pig, 


It shi 


+ 


present at 


rabbit-like rodent, agouti 
noted that for the 
such endozoic algae are classified wi 
the blue-greens. 

The tables may be turned in this queer 
relationship when the alga becomes host 
and the 
Vorticellae 
blue-green Anabaena at certain 


animal becomes epiphytic 


are very numerous on the 


Species of rotifers 
and 
Coelosphaerium and inside the cells of 
Vaucheria and Cladophora. Many 
gal parasites, particularly the Chytrids, 
Mouge- 


in its life history 
grow within the colonies of Volvoz 


tun 


infest Spirogyra, Oedogonium, 
otia and numerous other algae. 

When one tries to explain the habi 
and behavior of one’s fellow he 
often driven to mutter that there is no 


man, 


1S 


accounting for tastes. It is equally dif 


ficult, on the basis of our present know! 
edge, to account with any adequacy f 
the various associations in which 
grow. Some habitats seem natural 
eall for very little comment; other 
pear unusually heterodox and biz 
It is doubtful if other 
organisms on earth and 


more diversified and numerous enviro 


any group 


live crow 


ments than do the algae 





THE PROPER FUNCTION OF PSYCHO- 
TECHNOLOGY 


By Dr. RALPH H. GUNDLACH 


DEPARTMENT OF PSYCHOLOGY, UNIVERSITY OF WASHINGTON 


DesPITE the importance of the field lems arose from its use and extens 
and the number of journals and text- the solution of practical problems 
books devoted to the subject, applied tories of the various sciences sho 
psychology—or better psychotechnology many advances were made in thé 
—has received so far no very searching of the solution of daily problems 
analysis of its function. The philosophi- scientific approach has spread, du 
cal and the experimental psychologists doubt to the greater success in ¢ 
have probably, through aversion or envy, its methods attain than do the riva 
ignored the field; the practitioners have tems of superstition and ritual. 
been so interested in trying to harvest Although many learned men 
the fruits of their enterprises that they slur over the distinctions between 
have, chameleon-like, adopted the ap- and technology, others have point 
proach of hard-headed practical men, what seem to be adequate grour 
and have avoided any close scrutiny of contrast. While it may be true t! 
their subject. One guesses they feel they distinctions have been made f 


the 


must ‘‘play the game.’’ This consistsin ulterior purpose of defending t 


+y 


selling their services to some concern and _ tist’s own pet interests as subj 
doing work for that business, or in writ- research against the pressure to g 
ing books for public and school consump- mediate practical results, the distir 
tion that exemplify, in style as well asin none the less may be quite valid 
content, all the principles and manner- fact that men in universities need fort 
isms of a ‘“‘selling-yourself’’ psychol- cations about the fields of their res 


< 


ogy. against the inroads of the legislat 


The present paper attempts an analy- administrators and others who weu 
sis of psychotechnology and offers a_ off the sources of supplies certainly 
statement of its proper function and not imply that the bulwarks are illus 
problems. Science and technology, it has | 

(1) Science and technology. What pointed out, are not to be distingu 
we call the scientific approach to prob- on the basis of their subject-matter, s 

. : the material is common to both; n 

1 See, for example, E. T. Webb and J. J. B. y , * } a 
Morgan, ‘‘ Strategy in Handling People, ’’ Gar- terms of method, since bot l empl \ 
den City Publishing Company, Garden City, methods of observation, of experim 
1930; G. W. Crane, ‘Psychology Applied,’’ tion.2 One might facetiously say tl! 
Northwestern University Pre 8s, 193 Older necessity was the mother. and the exp 
examples of the content, but without so much . 
stress upon the ingratiating style, may be found 
in H. D. Kitson, ‘‘The Mind of the Buyer,’’ 2A thorough analysis of the distinctions 
Macmillan, 1921; E. J. Swift, ‘‘Business Power tween science and technology, together 
through Psychology,’’ Scribner’s, 1925; A. J. comprehensive quotations of the opinions 
Snow, ‘‘ Effective Selling,’’ Shaw, 1929; the eminent scientists may be found in E 
style is best exemplified in the many books Titchener, ‘‘Systematic Psychology: Proleg 
written by W. B. Pitkin. mena.’’ Macmillan, 1929. 
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ence and technology. The budding 
urred, to continue the analogy, when 
part of the embryonic matrix set out 
after ‘‘knowledge-in-general,’’ while the 
remainder continued to pursue ‘‘knowl- 
ge-in-particular’’ about practical, use- 
‘y| affairs. The distinction is one, then, 
has arisen in the modern history of 
ence, and turns out to be nothing more 

a difference in the goals, the objec- 
tives, the points of view. The scientific 
man in the university is typically not 
with particular workaday 
oblems, but with principles 
i knowledge. The scientific man in 

» world of production and distribution 

f goods must be concerned with the par- 
‘ular problem of how to do something. 
Although the difference 
scientist and a technologist may at the 


neerned 


general 


between a 


rigin be so seemingly trivial as an atti- 
tude, many striking contrasts develop 
rom this early branching. The man of 
science is disinterested, impersonal; he 
is willing to follow the data of his prob- 
em no matter where it lead. He 
must be willing to forego any interest 
in the outcome for fear such an interest 
might bias the results. His aim is to 
lescribe and understand nature. As a 
ritical scientist he recognizes that, after 
ill, ‘‘explanations’’ fit only the common- 
sense approach, and that strictly his laws 
rn out to be a systematic description 


may 


f what may be observed under specified 
‘ireumstances. 

In contrast, the technologist has spe- 
ifie interests in the outcome. His prob- 
lem consists in getting certain results: to 
build a bridge, to cure a patient. Inter- 
esting problems may arise, but can not 
be followed lest they provide unprofit- 
ible distractions. Very often such side 
projects might even interfere with the 
of the project. Psychiatrists 
ften report curing patients the nature 
‘f whose malady they did not know, and 
the reason for the improvement they do 
not understand; but they must give the 


success 


good. The 


patient up for his own 


nologist’s aim is not to describe 


know, but to explain, to predict, to 
He deals with values, with appreciat 
with utility. 

Thus the f science and 
nology imp! personality 
ences as ll a lose of appr 
outcome formulation. 


2) The 


ence is a 


chnolog 
truth, 
scriptions about realit 
of propositions. Technology 
ing body of rec the best 
do things. It 
action. 
Any system of action 
tive or ethical judgments. 


system of rules 
implies norn 
In a certai 
sense even the scientist must imp! 
moral judgments He 
that he to be co 
the truth of co 
reached by rigorously followin; 

The technol 
other hand must make, either explici 
or implicitly, 
at every 


make some 


holds 


vinced of 


least ought 


entific method. 


gist 


types of ethical judgment 


turn. It has been the great 
most technologies that this 


weakness of 


has not been recognized, and their nor 
mative 


worked out. 


fundamentals systematically 


Let us attempt a survey of the implicit 


foundations of certain 


representative 
technologies. The position of the engi 
neer might be paraphrased in this man 
ner: ‘‘If you want something (a bridge 
a dam, a building), this is the best way 
The engineer does not 
whether 


He has not asked him- 


to have it done.’’ 


question very much the thing 


ought to be done. 


self what is the function of an engineer 


This may be due to the historical 
that such technologists have usually 
to hire out to 
seeking individual or concern in order to 
The business 


Engineers who have 


themselves some 
practise their chosen field. 
sets the problems. 
not seen, or have not been able to carry 


out their functions properly, have been 
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instrumental in devising, constructing 
and distributing, say, electric light-bulbs 
that will burn out in a specified time; 
safety-razor blades that will last hardly 
through a shave; liquid fire, poisonous 
gases for use in war and in industrial 
disputes; and advertising campaigns 
that will make people glad to buy shoddy 
and harmful products.* The necessity 
for managers in a capitalistic system to 
sabotage in industry was pointed out 
long ago hy Veblen and others.* The 
engineers have failed to see that the 
function of an industrial system is pro- 
duction and distribution for consump- 
tion of goods and not the accumulation 
of profits. This may be attributed in 
part to two reasons: the position of the 
engineer in industry was not such as to 
envisage the entire organic-like structure 
of an industrial society, and their train- 
ing inclined them to consider themselves 
gentleman members of the same class of 
society as their employers, to consider 
they had the same interests and aims, the 
success of which they were assured could 
be achieved through the diligent exer- 
cise of loyal talent. 

Certain consequences of the depression 
have changed the view of many engi- 
neers by clearly demonstrating the basic 
antagonism in aim and in interest be- 
tween the technologists trained to serve 
the needs of mankind and the industrial 
and financial directors, trained to de- 

8 Evidence may be found in the Confidential 
and Non-Confidential Bulletins of Consumers’ 
Research, Inc., Washington, N. J., and in e.g., 
S. P. Chase, ‘‘The Tragedy of Waste,’’ Mac 
millan, 1926, ‘‘Men and Machines,’’ Macmillan, 
1929: S. P. Chase and F. J. Schlink, ‘‘ Your 
Money’s Worth,’’ Macmillan, 1933; A. Kallet 
and F. J. Schlink, ‘‘ 100,000,000 Guinea-Pigs,’’ 
Vanguard, 1933; T. S. Harding, ‘‘The Degra- 
dation of Science,’’ Farrar and Rinehart, 1931. 

4T. B. Veblen, ‘‘The Theory of the Leisure 
Class,’’ Macmillan, 1908 (3rd ed., 1919); ‘‘The 
Vested Interests and the State of the Industrial 
Arts,’’ Huebsch, 1919; ‘‘The Engineers and 
the Price System,’’ Huebsch, 1921; ‘‘ Absentee 
Ownership and Business Enterprise in Recent 
Times,’’ Huebsch, 1923. 
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velop profits on investments ever 
expense of the needs of mankind 
may list as illustrations: the 
of the fairly successful attempt 
the teaching and writing of ‘‘d 
ested’’ professors, especially wit} 
to the ownership and contro! 
utilities; the purchase and sup 
of economically valuable invent 
the wide-spread effort to discourag 
ther technological advances and d 
ments; the tendency to discred 
schools and to cut drastically tl 
propriations, since they not on 
duce some technological advance | 
produce a thin source of enlig 
opposition; and finally, of coursé 
rapid increase of technological 
ployment.° 

The position of the doctor 1 
paraphrased: ‘‘You do want 
healthy and strong, and this is w) 
need to get and keep well.’’ The 
cian is more closely connected in } 


fession with the immediate welfa: 


mankind than is the engineer, 
rarely in the hire of some corp 
that dictates his policies and treat 


The doctor is expected to keep his 


tients well or to get them well as qu 


as can be. While society may loo! 
indifference or even approval up 
terprising business men who urge 


use more of some abrasive tooth past 


who try to frighten us into an add 


for cathartics or smelly mouth was 


society and the Medical Assoc 
usually frown with considerable 
proval upon the physician whose 


, 


e} 


5 The activities of the public utilities 


been under scrutiny of the Federal Tr 
mission for several years. Popular sun 
of the findings have been written by 


Gruening, ‘‘The , Public Pays,’’ Vang 


1931; C. D. Thompson, ‘‘ Confessions 
Power Trust,’’ Dutton, 1932. The pl 
the inventor is again indicated by F. J. 
Common Sense, 3: 10, 6-9, October, 19 
11, 19-22, November, 1934. See also 
Veblen, ‘‘The Higher Learning in An 
Huebsch, 1918. 























orise takes the form of recommending 
ostly and unnecessary operations to his 


patients. Most physicians recognize that 
the health of their patients is the first 

nsideration, and a high income second. 

The lawyer is a professional techni- 
‘ian also; and the function of the law is 
to ease the frictions that arise in society 
in a just fashion. But 
more than the engineer is a hireling rep- 


the lawyer even 


resenting only the interests of his em- 
ployer; a fights with 
equal skill and vigor on either side. 

Applied psychologists, like 
and doctors, deal with human beings; 
and psychotechnologists have, like the 
lawyers, made their scanty living by 
selling their talents to business men. 
They hire out as super-salesmen, voca- 
tional selectors, scientific managers, as 
experts in soothing, mollifying and 
motivating the workers for the enrich- 
ment of their employers.* But this is 
hardly the proper function of psycho- 
technology. 

(3) The functions of psychotechnol- 
ogy. The science of psychology has an 
advantage with regard to its subject- 
matter over the other sciences in that it 
not only may make objective determina- 
tions and measure of the behavior of its 
subject-matter, but can also obtain re- 
ports of the actual quality and experi- 
ence of this subject-matter. Where an 
engineer can say how to get electric 
power some place (if want it), 
where a doctor can say how to get out 


mercenary who 


lawyers 


you 


6 There are about 40 members and associates 
of the American Psychological Association now 
or recently in the employment of some concern, 
such as the J. Walter Thompson Company, 
Procter and Gamble, Sears and Roebuck, R. H. 
Macy and Company and Western Electric Com 
pany. For the type of work that has been done 
by psychologists see M. 8. Viteles, ‘‘ Industrial 
Psychology,’’ Norton, 1932; A. J. Snow, ‘‘ Psy- 
chology in Business Relations,’’ McGraw-Hill, 
1930; H. C. Link, ‘‘The New Psychology of 
Selling and Advertising,’’ Macmillan, 1932; H. 
W. Hepner, ‘‘Human Relations in Changing 
Industry,’’ Prentice-Hall, 1934 
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your tonsils (if you dor 
the psychologist can say how man ¢ar 
get satisfaction in life. The psychologist 


is in a position to determine the funda 


mental needs and requirements of man- 
kind, the satisfaction of which should 
constitute an approach to the best life 
The function of psychotechnology is 

determine the conditions living neces 
sary for a complete and satisfactory lif 


and to elaborate the methods for such 
attainment. 

The elaboration of this notion of psy 
chotechnology requires an essay possess 
ing the magnitude of a book. The main 
las WF 


lines of its development may briefly bé 
indicated. 
What are man’s fundamental drives 


and motives? It appears obvious that 
the conditions of a complete and satis 
factory life are functions of the biologi 
cal and psychological characteristics of 


The good 


life for the crayfish certainly should dif 


the creature doing the living. 


fer in essential respects from the good 
life for a kangaroo: but there will be 
certain general conditions common to 


them, since they are both living crea- 


tures. The differences in detail as to the 


good life for various classes of animals 
will hence depend upon the elaboration 
for the 
their special biological 


of requirements expression of 


4 


talents, and the 


satisfaction of their special craving 
From a biological standpoint a good life 
involves satisfactions from the fulfilment 
adaptive be 
that 


renus 


of the socially adjustive, 
havior patterns. Can we agree 
every animal has its characteristic 
nature ; that it is satisfying for the crea 
ture to develop and express this nature; 
that it is unsatisfying to thwart, pervert 
or distort this nature? 

Psychologists currently list as drives 
or appetites such things as thirst, hun 
lust, and the need 
for activity, proper temperature condi 


tions, air, elimination, the avoidance of 


ger, fatigue 


nausea, 


painful objects and the continuation of 
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pleasant and soothing objects. This list 
must be incomplete, for these drives 
are essentially visceral and automatic. 
These drives are common to most mam- 
mals. The list looks as though it were 
designed for contented cows, rather than 
humans. Satisfaction of these appetites 
is necessary, of course, to a good life 
for man; but they are not alone suffi- 
cient. In children and adults we can 
find almost universal evidence of curios- 
ity, exhibitionism, interest in friends 
and in their esteem, self-esteem, self- 
expression and similar interests. Where 
do these potential satisfactions arise? 
Are they simply conditioned upon the 
satisfactions we get as infants when fed 
and petted by our mothers, or do they 
have some more fundamental biological 
(and hence racially permanent) basis? 
Biologists point out that the chief and 
distinguishing feature of mankind is in- 
dividual variability, the capacity to 
learn. Our social culture is a matter of 
training. Psychiatrists point out that 
where society persistently denies to some 
of its members the satisfaction of basic 
cravings, these individuals develop psy- 
chopathie behavior. By a survey of such 
psychopathic behavior one can deter- 
mine in part at least man’s fundamental 
drives and cravings. G. V. Hamilton 
points to five major needs: a productive 
occupation ; access to familiar sources of 
gregarious satisfaction; freedom to pur- 
sue and opportunities for pursuing 
various sexual-romantic values; har- 
monious domestic conditions ; and condi- 
tions that make for the incidence of con- 
siderable variety of stimulation.’ The 
last item is broad enough to include 
creative activities on the part of the 
more highly endowed. Although our 
present society fails to provide any large 
proportion of its members with all these 
types of satisfactions, no one can justly 


» 


“7G. V. Hamilton, ‘‘An Introduction to Ob- 
jective Psychopathology,’’ Mosby, St. Louis, 
1925. 


deny that society now has the techn 
training and equipment to provide pra 
tically every one with the first, s 
and last of these five classes of satisf; 
tions. The items with regard to sex 
romantic and domestic conditions 
certainly, matters more of indiv 
personality and taste rather than 
ters of engineering. Present s 
fails here through the improper trai 
of the personality of its members. 
What criteria and standards should 
followed in developing the persona 
of adults? The adult is not simply 
child grown large. The variety 
human cultures, primitive and civi 
attests to the plasticity of human nat 
within the wide boundaries set by 
biological heritage. We must trace 
development of the personality fr 
egocentric childhood to socialized ma 
ity. What are the conditions requisit 
for the establishment of those adu 
motives best suited for the good lif: 
Perhaps we should start in a negat 
way, by trying to eliminate the deve 
ment of criminals, prostitutes, deceiver 
scolds. But it soon appears that to st 
the increase of such characters w 
actually involve the reconstitution 
society. There must be a revolution 
our attitudes and values. For it a 
pears that the attitude of the burglar 
gangster with regard to society is ess 
tially the same as that of the muniti 
manufacturer, the mortgagor, the ca 
talist. They seek their own benefit 
the expense of some one else. The r 
ber, of course, does his business only 
retail rather than in wholesale fas! 
and he lacks the tactical advantage 
the support of the government. T 


proper attitude for us to have with r 


gard to things is one of mastery and c 
trol; with regard to people, one 


kindly sympathy, of allied following 01 


leading. Most of the evils of the wor 


come when we try to dominate other 


people by force for our own benefit. 





at | 
tha 
mit 
The 
wid 
nol 
of 

abil 
and 
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Perhaps the most fundamental thing 
for us to learn is that humans are social 
ereatures; and that it is far better to 
operate than to compete. A human 
being who wants to play the lone wolf 
s not a social creature, and the protec- 
tion of society requires that he be re- 
moved from circulation. He is trying to 
live at the expense of his brothers: by 
the exploitation of people with whom he 
should be on friendly terms. We need 
to emulate the ants. Each colony of 
ants is one big family, the members of 
which cooperate to do their share of the 
work of the community. There is no 


place even for rugged wolves in a social 


system. 

The final problem has to do 
human efficiency and the economy of 
human energy. This is the field of ap- 
plied psychology that has been widely 
developed, not in the interests of society 
at large but of those predatory interests 
that our haphazard civilization has per- 
mitted and even encouraged to develop. 
The same techniques are applicable on a 
wider scale. The role of the psychotech- 
nologist concerns (a) the measurement 
of individual differences in aptitudes, 
abilities and interests and their proper 
and satisfactory utilization. With 12 to 
15 million unemployed in our present 


with 


5D1 


and to teach 


to talk 
vocational guidance is viciously to jest. 
Yet there is elaborate equipment ready 
and waiting for practical use, once the 
mass of the members of society decide to 
follow the ants rather than the wolves 


Within industry the psychotechnolo 


can aim at the 


unsocial society, 


gist (b) elimination of 


fatigue and monotony. This can be ac- 
complished in part by the introduction 
of proper rest and recreation periods, by 
the determination of the best methods of 
work, by fitting the 
worker and by determining and main- 


+ 


machine to the 


taining the optimal conditions of ventila 
tion, illumination and the like. The 
analysis of the conditions and methods 
best suited to particular tasks that must 
be done will aim to achieve the maximal 
ease, comfort efficiency of output 
Another significant problem (¢ 

the personnel relations within the indus 


and 
inv ves 


trial concern. 
We are aware of 
power to utilize nature; but we try to 


our technological! 
exercise such power over other humans. 
When will we recognize that we are all 


members of a society? The field for 
exploitation is the resources of nature 
Let 


proper exploitation and for the mutual, 


us use the methods of science for 


social rood. 





WHAT IS A SYLLABLE? 


By W. L. SCHRAMM 


AMERICAN COUNCIL OF LEARNED SOCIETIES 


THERE exist two radically different such a tradition is too firmly roote 
ideas of the syllable. With one the lit- be dislodged easily. 
erate world has long been familiar; the The other conception has behind 
other has become popular only in the the weight of scientific measurem 
last thirty years. According to one con- Since the late nineteenth century w 
ception, the syllable is a ‘‘sound uttered the Abbé Rousselot and others first 
with a single impulse or effort of the plied the photography of sound 
voice, and constituting a word or a part study of speech, psychologists ar 
of a word’’; in printing and spelling it phoneticians have become increasing 
is a group of letters separated, as at the impatient with the use of the w 
end of a line, from the rest of a word or ‘“‘syllable’’ to denote a unit of 


the rest of a sentence, and ‘‘capable of They have found that connected spe 
being uttered with a single impulse of is a flowing current of vocal mel 
the voice.’"* According to the other broken only by such things as stop; 
conception, there is no such thing as a consonants and phrasal pauses. In n 
syllable. eases, they are quite unable to fi 
The former of these has a long tradi- within a word or a phrase definite points 


tion behind it. The earliest Greek at which the sound might be divided 
rhetoricians spoke of the syllable. into units called syllables.? They 
Classical verse was explained in terms of therefore, that the syllable is a visua 
long and short syllables. In the Eliza- rather than an oral and auditory unit 
bethan age of England the Areopagitica They ask, in all justice, that a languag 
came into existence because- poets were should be analyzed according to the wa; 
not sure whether to form their meters it sounds, not how it looks; and in oppo 
with long and short syllables or loud sition to the syllabic tradition they « 
and soft ones. At the present time, a_ their photographs and their charts, : 
great body of European verse is sup- challenge the doubters to inspect 1 
posed to be written according to the evidence, and find syllables if they can! 
principle of ‘‘syllable counting,’’ In the first place, connected speech is 
whereas English and other Germanic a continuous flow. The old traditi 
languages base their meters on ‘‘stressed visualizes connected speech as a chai! 
and unstressed syllables.’”” For cen- made up of links, each link a syllal 
turies, schoolboys have learned to spell Supposedly, one could remove a link 
out their words by syllables; and the from any point in the chain and study 
ancient scribe was taught, as is the mod- it. But the phonophotographs have r 
ern stenographer, to divide his words 2It has become the fashion to speak 
according to an established system of ‘‘speech atoms’’—small portions of the s; 
syllabication. This tradition has never ‘™8¢cription ‘‘during which the character of 
doubted the existence of a syllable, and aa ae pene pices served onary 


1 These statements are based on text-book speech set off by breaks in the sound. See 
and dictionary definitions of the syllable. The Janvrin, ‘‘The Atomic Structure of Spe: 
quotations are from Webster’s New Interna- in Archives Néerlandaises de Phonétique Exp 
tional. mentale, Tome VI (1931), 101-04. 
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WHAT IS A 


vealed no such structure. The only 
breaks within the speech current are 
those created by the ending of a phrase, 
by an interphrasal pause for the sake of 
elocutionary emphasis or by stopped 
consonants. The scientist conceives the 
speech current, therefore, not as a chain 
made up of detachable links, but rather 
as a metallic bar, which may vary in size 
and composition along its length, but 
which is still a unit. 

In the second place, there is no defi- 
nite point, except those mentioned 
above, where one kind of sound may be 
said to replace another. The syllabic 
tradition has conceived of speech as 
something like the shifting of gears in 
an automobile. The driver pulls the 
lever into the left rear position and the 
car moves in low gear; he shifts the lever 
to right front, and the car is in second 
gear. And so a speaker sets his vocal 
organs in one position, and says a cer- 
tain vowel; he shifts the position and 
says another; and thus throughout his 
sentence. This belief is an outgrowth of 
the theory that vowels and other speech 
sounds are the products of positions of 
the vocal organs. It has now been shown 
by means of x-ray photographs and the 
registry of sound that speech sounds are 
the results of movements, rather than 
positions.* The vocal organs glide 
smoothly through a phrase, and there is 
no sharp and definite point of delimita- 
tion between one vowel and another, 
because the quality of the sound changes 

3See E. W. Scripture, ‘‘Zur Psychophysik 
und Physiologie der Vokale,’’ Zeitschrift fiir 
Sinnesphysiologie, 58: 195-208, 1927; ‘*The 
Nature of the Vowels,’’ 1931; and articles in 
Zeitschrift fiir Experimentalphonetik—espe- 
cially ‘‘Die Natur der Vokale’’ (1928). Pro- 
fessor Scripture has expressed an opinion 
almost at the opposite extreme from the 
traditional idea of the production of vowels. 
‘*Exactly the same vowel can be produced by 
very different movements,’’ he wrote in 1931. 
‘There are no ‘cardinal vowels’ with typical 
tongue positions; different persons make the 
same vowel with utterly different movements’’ 
— ‘What is Experimental Phonetics?’’ Mod 
ern Languages, February, 1931. 
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gradually with the gradual 
of the tongue, th 
take an example. A 
nouncing the word ‘‘: 


movements 


e pharynx, ete. Let 


be observable on the 
film a period when 
pronouncing the first vowel 

be a following period when 
beginning to creep int 
Then there 


sound, then a combination 


sound is 
vowel. 

pure **] 
which the second vowel is entering, the 


. 
aim 


will be an 


second vowel, nasal elements in the 
istration which indicate that the 

has appeared, and finally a slight explo 
sion to indicate the release of the nasal. 
No observer can select the point where 
the ‘‘a and the ‘‘l’’ 
Phonologically the word is indivisible 
into syllables. To return to our former 
illustration, we may say that the human 
voice has been shown to be a very flexi 
ble instrument does not need to 
change gears to change sounds. In the 
Germanic languages, at least, the glides 
between sounds are so gradual that it is 
usually impossible to distinguish a 
point of demarcation. 

Although the measurement of sound 
has been developed to a point of great 
accuracy—pitch can be measured to 
1/1000 of a tone, intensity to 1/10 
decibel, time to 1/1000 second, timbre to 
one per cent. of harmonie 
composition—there is no 
measurement in existence 
delineate either boundary of 
unless that syllable is initial or final in 


“ begins. 


ends 


which 


change in 
system of 
which 
a syllable 


can 


a phrase or is bordered by a voiceless 
consonant. Even in the latter case there 
is grave doubt as to where the consonant 
For example, the first syllable 
tradition, 


belongs. 
of the 
**op.’’ 


word ‘‘opera’’ is, by 


The photographic measurement 


+ 


of this word shows a certain amount of 
time expended in pronouncing the vowel 
*fo’’: then a 

closed preparing the ‘‘p’’; and finally 
the explosion of the ‘‘p’’ and the next 
vowel. The problem is, where does the 


pause, while the lips are 
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second syllable begin? Phonologically, 
there is no more reason to count the 
pause with the first vowel than with the 
second. Even if it is given to the first 
vowel, does the second syllable begin 
exactly at the end of the pause, or must 
some of the duration of the sound after 
the pause be accredited to the ‘‘p’’? 
Such cases as this cause a scientist to 
lose patience with the syllable. And it 
is true that from the standpoint of one 
who considers a unit of speech to be a 
definitely delineated part of speech, the 
syllable simply does not exist. More 
nearly exact units are the speech atom 
and the speech molecule. 

In the third place, there is grave 
doubt concerning the traditional theory 
of the production of a syllable. ‘‘A 
syllable is a sound capable of being 
uttered with a single effort or impulse 
of the voice’’—that is a part of nearly 
every definition. Yet the simplest 
phonophotograph will show that a great 
many of the units commonly called 
syllables are not capable of being uttered 
with a single effort or impulse of the 
voice. This is especially true of mono- 
syllables. Any monosyllabic word which 
ends in a plosive or in a plosive followed 
by a spirant requires more than one im- 
pulse of the voice. Such words as plot, 
take, bad, bog, require two definite 
sounds. The lips close before the 
plosive, there is an interval of silence, 
and then the lips open and the explosion 
takes place. Are these to be considered 
disyllabic? And are such words as 
whisks, mosques, asks, to be considered 
trisyllables? This is surely a serious 
objection to our traditional conception 
of the syllable. 

But we can not argue the syllable out 


of existence quite so easily. For thoy 
sands of years we have been hearing 
elements of speech which we have call; 
syllables, and when we have written w 
have not hesitated to indicate those sy] 
lables by means of letters. It may by 
well to inquire what we have been hear 
ing. When we hear a line of verse w 
ean usually tell how many syllables 
contains. What do we mean by this‘ 
We mean, usually, that the line contains 
a certain number of stresses. 
ble usually has a definite stress of its 
own, and at the high point of that stress 
it has a tone quality different from those 
of the stresses around it. 

A line of verse or a phrase of con 
nected prose may be thought of as a 
mountain chain. The peaks are of dif 
ferent heights; they are of different 
shapes and colors; and, although they 
are strung together like bumps on a cen- 
tral ridge so that one is never sure where 
in the intermediate valley one ends and 
the other begins, still one never doubts 
their identity. If he climbs one peak he 
knows he is not on the mountain to th 
east, although he might not know ex 
actly how far eastward he would have t 
walk before his mountain ended and th« 
next one began. When he stands in th 
distance he can see that there are a cer 
tain number of peaks. So it is when one 
hears a line of verse or a phrase of con- 
nected prose. He is conscious of peaks 
which are of different heights, shapes 
and colors, although he is unable to tell 
precisely where each begins and ends. 
Fig. A shows the mountain chain of 
speech. Here we have an_ intensity 
curve of a line from Antony’s speech in 
*‘Julius Caesar’’ (III, ii). It has been 
traced from a phonophotograph in such 


The sylla- 





the voice and 


beg 


ut terance 


of my 


Fie. A 





WHAT IS A SYLLABLE? 


a way that the height of the peak is pro- 
portional to the loudness of the sound. 
You will observe that there are as many 
peaks as there are syllables. Because a 
definite delineation is not always possi- 
ble is no reason that these syllables do 
not exist, any more than mountain 
peaks do not exist. We may admit that 
a syllable is not a quantitative unit, 
without admitting that it is not a qualli- 
tative one. It may not be a useful unit 
of duration, but it may still be a useful 
unit of quality and intensity. 

It does not seem necessary, therefore, 
to abolish entirely a term which has been 
useful for thousands of years, but if we 
are going to continue to use that term it 
is only reasonable to reappraise it, to 
define it clearly in the light of our new 
knowledge, and to use it more carefully. 
Our new knowledge of the syllable may 
be summarized under three heads: 

(a) We may as well admit that our 
visual conception of the syllable, our 


dictionary and spelling-book division of 
a word has no justification other than 
custom in use, convenience in teaching, 
and descent from languages which added 
many endings to indicate case, tense, 


number and gender. We may as well 
admit that our stenographers are forced 
to learn a purely arbitrary system of 
division which is neither more handsome 
nor more correct than several other sys- 
tems; that our school children are taught 
to syllabicate by a system which, if car- 
ried into vocal practise, would result in 
an unnatural pronunciation; and that 
when we divide a line of verse into sylla- 
bles we are treating an auditory matter 
by a visual rule, and moving farther and 
farther from the intent of the poet and 
the beauty of the verse. A syllable is 
not a group of letters. 

(b) We may as well admit also that, 
except in certain special cases, the sylla- 
ble is of no use as a unit of duration. 
That is not to say that a syllable does 
not give the impression of duration. It 
does; but what we have measured as the 
duration of syllables has been the dura- 


tion of certain units of sound plucked 
out of connected speech by an arbitrary 
rule. It has been the custom, for exam 
ple, to determine the length of a syllable 
by measuring the 
points of lowest intensity on either sid 
of its peak.* This method is of some use 
in studying rhythm, but it is not a 
measurement of syllable length. It is a 
measure of a purely arbitrary unit of 
speech. 

(c) Until more delicate investigation 
proves otherwise, we may 
syllable to be the seat of a stress, differ 
ing from its neighboring stresses either 
by intermediate silences, by different 
tone color or by an intermediate diminu- 
tion in stress; and if we must place the 
syllable definitely in time we may locate 
its center as the highest point of the 
energy applied to it—the top of the peak 
which its intensity builds up and upon 
which its tone color is distributed. 

A syllable, then, is not a definite part 
of a word; it is, rather, a dynamic phase 
of a word, and ‘‘syllability’’ (Silbig- 
keit) has been suggested as a more accu- 
rate explanation of that character. ‘‘Es 
gibt Silbigkeit aber keine Silben,’’ 
declares Professor Scripture. But it 
seems hardly necessary to change the 
word, as long as we recognize clearly 
that our visual system of division into 
syllables is mostly a pleasant fiction, that 
the syllable is of no practical use as a 
unit of length, and that when we say a 
word has a certain number of syllables 
we mean merely that it has a certain 
number of important stresses and a cer- 
tain number of distinctive tone qualities 
coincidental with those stresses. 


time between the 
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[ From the Psychological and Phonetic Labora 
tories of the University of Iowa. ] 


4 This method was used in my article, ‘‘ Time 
and Intensity in English Tetrameter Verse’ 
(Philological Quarterly, XIII: 1, 65-71, 1934 
Since then I have come to think that a mors 
accurate study of rhythm may be made by 
measuring from peak to peak. 

5 E. W. Scripture, Grundziige der Englischen 
Verswissenschaft, 27. See also his article, ‘‘ Die 
Silbigkeit und die Silbe,’’ Arch. f. d. Stud. d. 
Sprachen, CLII: 74, 1927. 
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WHAT COSMIC RAYS TELL US 


By Dr. H. VICTOR NEHER 
CALIFORNIA INSTITUTE OF TECHNOLOGY 


> 


comes from the Greek 
word ‘‘cosmos’’ and means an orderly 
and harmonious universe. ‘‘Cosmic 
ray’’ then refers to a ray coming, not 
from a chaotic, but from an orderly 
universe. It is a name applied first by 
Dr. Robert A. Millikan, of the Califor- 
nia Institute of Technology, when he 
showed beyond all reasonable doubt that 
there was a very penetrating ray, or 
radiation, coming in from the space 
around us. Such a name is exceedingly 


**CosmIc’ 


fitting, for with all our modern methods 
of prying secrets out of nature we have 


come back more and more to the old 
Greek idea of essential order and har- 
mony, of a purposeful universe, each 
part of which plays an essential réle in 
the scheme of the whole. 

That man was so long in ignorance of 
this radiation is not surprising, for it is 
only in very recent years that he has 
developed means of detecting its feeble 
influence. But so keen has been the 
interest and so rapid have been the 
developments that to-day we have three 
separate and distinct means of detecting 
and measuring cosmic rays. Nor has 
this interest been limited to men of 
science. The layman has shown an 
eagerness for knowledge and a desire to 
cooperate which has greatly aided the 
acquisition of new facts so that all 
might know more of what cosmic rays 
have to tell. 

The search for new knowledge has 
caused men to risk their lives on ven- 
tures to the far-flung reaches of the 
world. This has always been so and will 


always be so. It provides the romance 
of adventure and the means of satisfy 
ing man’s innate curiosity to know more 
of the world in which he lives. It has 
been the means of freeing him from the 
bonds of ignorance and superstition; it 
has given him confidence in himself 
where now he is ruler of the world 
around him instead of being ruled by 
that world. 

In the truest sense of the word man’s 
quest to know more of what cosmic rays 
have to tell is a romantic story. The 
earth is his laboratory, and all that 
there is in it he uses to further this end. 
His quest has led him into the northern 
and southern arctic zones and to equa- 
torial regions. It has caused him to 
climb the highest accessible mountain 
tops and to sink instruments into deep 
lakes. He has flown in huge airplanes 
to great heights carrying shields of lead 
weighing half a ton to make soundings 
higher than could be reached on moun- 
tain peaks. The same quest has been 
the chief scientific object of all flights 
into the stratosphere, and without doubt 
many another trip into the high reaches 
of our atmosphere will be made for the 
Same reason. 

The search goes on, but let us pause 
to take an inventory of some of the ma- 
jor things that cosmic rays have to tell 
us. Our procedure will be, first to ascer- 
tain the facts and second to formulate 
a theory which will be self-consistent 
and which will point the way to new 
experiments and eventually to new 
facts. 
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One of the very first and one of the 
most important discoveries made was 
hat this radiation is the same day or 
ight. This at once tells us that it can 
not come from the sun. We would next 
suspect the stars, but here also when the 
greatest number of stars is in view, 
namely, when the Milky Way is over- 
head, we find no change whatever. 
These facts alone seem to point to an 
origin in space itself. Of this we are 
still in doubt, but let us consider some 
further facts. 

Comparison between northern or 
southern latitudes and equatorial zones 
reveals a distinctly less amount of cos- 
mie radiation in the equatorial region. 
Many theories have been advanced to 
account for this, but the most likely is 
the influence of the earth’s magnetic 
field. To understand how this might be 
possible, let us recall that the earth is 
an enormous magnet with a north and 
south pole and that electric charges 
moving in a magnetic field are deflected 
to one side. At least part of what we 
eall cosmic rays, then, enter our atmos- 
phere as electrically charged particles. 
Those arriving at or near the equator 
are more strongly influenced by this 
huge magnet than those coming in near 
its poles. Some, or perhaps most, of 
them are thus eliminated near the equa- 
tor before they reach the earth. We 
may call this decrease as the equator is 
approached the ‘‘latitude effect.’’ 

Now, surveys of the past have dis- 
closed a marked difference in the mag- 
netism of the earth between the eastern 
and western hemispheres, it being much 
weaker in the western. Cosmic rays tell 
us much the same story, but they tell us 
more, for their story is their history 
after having been under the influence of 
the earth during the last ten to twenty 
thousand miles of their journey through 
space. They thus furnish a means for 
the first time of studying the properties 
of the earth’s magnetism at great dis- 


tances. This difference in cosmic radia- 
tion on the 
ealled the ‘‘ 


It appears, h 
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longitude effect.’’ 
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present time to explain all the facts on 


story, seems impossible at the 


this basis. That there are some charged 
particles coming into the top of our 
atmosphere we feel certain, but ther 
must also be a radiation of a different 
sort which forms other charged particles 
in our atmosphere and accounts for the 
major part of the radiation. 
ond kind of ray appears to be light-like 
in nature and to have the ability to 
penetrate several hundred feet into the 
earth. It is near the equator that we 
ean best study this latter type of radia- 
tion, for there the number of external 
particles mixed in appears to be com- 
paratively small. Much of the work in 
the future will undoubtedly be done in 
the equatorial regions, for it has become 
increasingly evident that here the prop- 
erties which will most of the 
nature of cosmic rays are best defined. 
These charged particles we have been 
speaking of are called electrons—the 
smallest bits of electricity and mass 
known. The energy of some of them is 
enormous. There is a hundred times as 
much energy in some as they would re- 
ceive from the longest lightning flash, 
and because of this energy can 
trate several feet of lead with ease 
At sea level the number of particles 
striking every one of us and going com- 
pletely through our bodies is from ten 
to fifteen every That we 
unaware of them is not strange, for in 
the first place they are exceedingly 
small and in the second place they are 
few in number. Although and 
every particle affects us to some extent, 
the result of even the hundreds of thou- 
sands of these particles penetrating our 
bodies every day is too small to be no- 
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ticed. What may have been the accu- 
mulative effect on the biology of life on 
the earth throughout all time one can 
not even guess. 

If we were to go to the top of Pike’s 
Peak or fly in an airplane at 14,000 feet 
we would be exposed to four times as 
much radiation as we get at sea level. 
Going to great altitudes the cosmic rays 
increase very rapidly until at the height 
reached by stratosphere balloons the 
occupants of the gondola are struck by 
several hundred times as many particles 
as at sea level. 

Although the facts are not all in it is 
nevertheless possible to make intelligent 
guesses as to the origin of these rays. 
Dr. Millikan made the stimulating sug- 
gestion a number of years ago that they 
resulted from the act of building the 
heavier elements, such as helium, oxy- 
gen and iron from the lightest of the 
elements, hydrogen. This process was 
assumed to be going on in the intense 
coldness of space. Sir James Jeans has 
championed the idea that they result 
from the destruction of matter alto- 
gether. <A third possibility, suggested 
by Dr. Fritz Zwicky and Dr. W. Baade, 
is that stellar catastrophies known to 
astronomers as super novae may be the 
origin of these rays. At times an incon- 
spicuous star will suddenly increase in 
brilliance many thousand fold, reaching 


temperatures reckoned in millions 
degrees. Its maximum brilliance 
for a few days and then it graduall; 
subsides, usually diminishing to such an 
extent that after a few months it can n 
longer be seen. The nova which a; 
peared in the constellation Hercules j; 
December of last year, even though 
became one of the brightest stars in t} 
heavens, owed its brilliance to its nea: 
ness and was not of the super-nova class 
So far there is no conclusive eviden 
that this nova is giving off cosmic rays 
Still a fourth possibility is one sug 
gested by Professor Le Maitre. He 
wishes to view the present existence 
cosmic rays as evidence of bygone days 
when the universe was young and 
stable, and now that it has reached a 
more mature age, has stopped its friv 
lous ways, but the remnants of its past 
are still traveling through space, strik- 
ing whatever might cross their paths. 
Whatever may be the ultimate story 
cosmic rays have to tell, certain it is that 
it will be of interest to all. It may bea 
story of the formation of new matter or 
the death ery of old. Time only wil! 
bring an answer. In the meantime th: 
search for new facts goes incessantly on, 
but still more incessantly come the cos 
mic rays themselves, undiminished and 
undisturbed, fulfilling some as yet un 
known purpose in the general scheme of 
the universe. 


ENDOCRINE FACTORS IN PERSONALITY 


By Dr. R. G. HOSKINS 
DIRECTOR OF RESEARCH, MEMORIAL FOUNDATION FOR NEURO-ENDOCRINE RESEARCH, 
HARVARD MEDICAL SCHOOL 


Every one knows in general what per- 
sonality is, but no one has satisfactorily 
defined it. It includes everything that 
gives individuality to the individual. 
The problem then is, what do the glands 
contribute to the make-up of the par- 
ticular self of each of us? 


Every one has many glands. These 
are actually living chemical laboratories. 
Well-known examples are the salivary 
glands that keep the mouth moist, the 
tear glands which upon occasion cause 
salt water to trickle down our cheeks or 
the glands in the skin that help keep us 
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cool in summer. These all take from the 
blood that courses through them differ- 
ent substances which are combined to 
form secretions. These secretions then 
pour through ducts to their various 
spheres of action. The glands which we 
are to consider, however, are different 
from those mentioned. Their secretions 
instead of being discharged through 
ducts are returned directly to the blood 
stream. Thus they are distributed 
throughout the body to produce a large 
number of important effects. These 
regulatory substances are known as the 
internal secretions or the hormones. 

The hormones are among the most 
powerful of all known drug substances. 
For example, each of us has in cirecula- 
tion in his body at any one time about 
one fifth of a grain of a necessary hor- 
mone from the thyroid gland. In the 
course of a year we use about three and 
one half grains of this substance all told. 
This is a little more than the equivalent 
of half an aspirin tablet. Yet we are all 


dependent upon this small pinch of ma- 
terial substance, thyroxin, to keep us 
from becoming complete imbeciles—the 


statement is literally true. Without 
thyroid secretion the human being be- 
comes merely a sort of walking vegeta- 
ble. There are several other hormones 
equally potent, or even more potent, 
upon which we are fatally dependent 
either for existence itself or for the abil- 
ity to make existence worthwhile. All 
these affect personality. 

From certain writings of recent years 
one might get the impression that per- 
sonality depends upon little else than 
hormones. Such is emphatically not the 
ease. Many factors go into the determi- 
nation of individuality. In the make-up 
of the personality the two most impor- 
tant features are the mentality and the 
emotions. The quality of the mind de- 
termines whether the individual is intel- 
ligent or stupid. Intelligence depends 
primarily upon the kind of brains one 


559 


gets from his ancestors, but development 
of the brain as well as the way it works 
is to a considerable degree determined 
by the hormones. Even more important 
than the intelligence, however, are the 
We like 
he has a jolly, sunny disposition and dis 


emotions. one person be ‘Aause 
like another because he is glum or con 
ceited. The emotions are closely re ated 
to the instincts. Indeed 


might be said actually to represent the 


the emotions 


way the instincts feel to the person who 
them. The are 
tially determined by hormones both in 
their quality and in their intensity. 

We may now consider the 
glands individually. Suspended from 
the brain in the center of the head is the 
pituitary gland. When this gland fails 
to develop properly the individual re- 
mains of small stature throughout life. 
His littleness sets him apart from others 
of his age and this very fact of being 
different reacts upon 
every day. He is always under an inner 
necessity to try to compensate for his 
appearance of physical insignificance. 

Should the pituitary become 
active during childhood the 
over-growth. There is now living in a 
Middle Western state a boy of 17 who, 
because of the possession of an over 
ambitious pituitary, is over 8 feet tall. 
He can readily tuck his full-sized father 
under one arm and carry him about the 
house. Should over-activity of the pitu- 
itary begin after the child has grown up 
a different state of affairs arises. No 
longer is symmetrical development pos- 
sible, but the excessive growth takes 
place only in selected parts of the body. 
He becomes a gorilla-like monstrosity, a 
so-called ‘‘acromegalic.’’ His deformi 
ties have of course a constant tendency 
to warp his personality. But he 
more to contend with. During the early 
stages of the over-growth he is vigorous 
and virile. If the distortion is not too 
great he may even turn it to advantage 
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as once did a celebrated baseball player 
who had this disorder. 

With his enormous hand and powerful 
muscles he was able to pitch a remark- 
ably deceptive curved ball. He was alert 
and resourceful. But after awhile the 
large pituitary gland began to fail, as it 
commonly does both in giants and in 
acromegalics. The case of the baseball 
player is rather typical of what occurs 
in such cases. After a few years he be- 
gan to slip. He lost his muscular con- 
trol, became timid and hesitating and 
after a very few seasons in second or 
third rate teams he left baseball and 
spent the rest of his futile life as a pool- 
hall loafer. He was first a brilliant suc- 
cess by virtue of his pituitary secretion 
and ultimately a pitiful wreck when he 
was deprived of this stimulating hor- 
mone. 

Another hormone from the pituitary 
determines sexual development. Should 
this hormone not be secreted in proper 
amount the individual remains through- 


out life sexually and emotionally a child. 
The fanatical reformer is likely to be a 


person of this type. Having no possi- 
bilities in himself of satisfying self- 
development, he attempts to compensate 
by making over the world, and thus 
gaining a sense of power. 

From the pituitary another secretion 
that regulates milk formation has re- 
cently been discovered. During the later 
stages of pregnancy and after the birth 
of the infant this hormone aids in keep- 
ing up the maternal food supply for the 
child. It is definitely true in experi- 
mental animals and probably will prove 
to be true in human beings that this lat- 
ter hormone—prolactin it has been called 
—is an important factor in setting up 
and maintaining not only milk secretion 
but the maternal instincts as_ well. 
Under its influence unmated female rats 
have been made to adopt and mother 
large families of babies and roosters 
have been made to cluck. I would not 
care to say that human mother love is 
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merely a matter of hormone chemistry. 
but I suspect that the future will sho 
prolactin to have a significant part 
this emotion. 

In the lower part of the neck lies t] 
thyroid gland. When its secretion js 
completely lacking the individual li, 
at only about half the normal vit 
speed. He is listless, mentally stupid 
and sluggish of memory. Aside from a 
tendency to subdued truculence his em 
tional life is almost colorless. Fort 
nately, thyroid deficiency of this marked 
grade is rare. Unfortunately, however, 
lesser degrees of thyroid deficiency are 
quite common and are frequently over- 
looked even by excellent physicians. 

The victims are likely to be over- 
weight, though this is by no means al- 
ways the case. They fatigue easily and 
on slight provocation become cross and 
irritable. They are able to pull them- 
selves together for brief periods but soon 
relapse again into their feeling of inade- 
quacy. Statistics on this subject are not 
available, but it is altogether probable 
that a considerable proportion of the 
unfortunates who go through life la- 
belled ‘‘neurasthenic’’ or ‘‘ psychoneu- 
rotic’’ are victims of this mishap. 

Let me emphasize that there are many 
other causes than thyroid deficiency for 
this state of affairs, but in those cases in 
which it is the cause the condition is 
readily corrected. Sometimes even as 
little as one tenth of a grain of thyroid 
substance a day is sufficient to add mate- 
rially to individual comfort. Commonly 
less than one grain a day is needed. 

Unfortunate as are the results of 
thyroid deficiency even worse is the op- 
posite condition. Over-activity of this 
gland gives rise to a condition of alert 
tenseness by which the person may be 
driven to death. He may live at twice 
the normal speed. Even with a vora- 
cious appetite he is unable to keep the 
vital furnace adequately stoked and 
often literally burns himself out. 

The thymus gland in the upper part 
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of the chest has long been under study, 
but until recently little convincing evi- 
dence of its importance had become 
available. It was believed to have some- 
thing to do with development and that 
when it was defective the individual 
remained weak and futile in his person- 
ality. Within the year, however, it has 
been reported that thymus extract can 
produce in the offspring of treated ani- 
mals a remarkable precocity of develop- 
ment. When only a few days of age the 
baby rats were as advanced as they 
should have been in a month. It is as 
though human children were ready for 
high school at the age of three years. 
The extract has not yet been tried in any 
extensive way on human beings, but the 
experimental evidence suggests that it 
may some day prove to be an important 
resource in the treatment of retarded 
children. 

The adrenal glands which lie just 
above the kidneys also contribute to per- 
sonality. From these glands is derived 
the well-known hormone ‘‘adrenalin.”’ 
It is probable that this secretion plays 
no significant part during times of ordi- 
nary quiet existence, but that under 
emotional stress it is discharged from the 
gland and has important stimulating 
effects, that permit us better to muster 
our bodily resources to meet emergencies. 
Without the aid of adrenalin we should 
no doubt be less competent in emer- 
gencies and our personalities so much 
the less effective. In the primitive 
scheme of existence emergencies called 
for activity—and adrenalin secretion 
was probably always helpful. Nowa- 
days, however, emergencies often call, 
not for immediate activity, but for self- 
control and calm thinking. Neverthe- 
less, in such conditions the adrenal 
glands still pour out their stimulating 
secretions and thus add to the difficulty 
of remaining calm and collected. It is 
this behavior of the adrenals which 
probably gives much of its point to the 


old saying that ‘‘worry i rse than 
work,.”’ 

From the adrenal 
also the hormone ‘‘cortin.’’ This 


btained 


gland is 
sub 
stance has only recently become avail- 
and its 
known. It seems to influence all the liv- 
ing cells of the body. When cortin 
secretion fails the individual 
Addison’s disease, a condition in which 
the personality The 
becomes physically weak, restless, irrita- 
ble and uncooperative. When cortin is 
supplied artificially there results a re- 
stored sense of well-being, of energy and 
of enthusiasm. So 
conditions. What part cortin may play 
in ordinary everyday life, and especial! 
its influence upon the personality, have 
not yet been adequately studied. 
are on record a few cases in which the 
adrenal glands have become enlarged 
and in which the individual, whether 
male or female, acquired a marked ac- 
eentuation of masculine attributes. 
These that the 
may contribute a quality of virility to 
the personality, but the quality has not 
yet been obtained in adrenal extracts. 
Finally a few observations may be 
made about the sex glands. From time 
immemorial these organs have been re- 
moved from farm animals to bring about 
docility of temperament and to facili- 
tate fattening for market. When the 
glands are removed before maturity 
either in animals or in human beings the 
result is essentially the same in all cases. 
The individuals fail in sexual develop- 
ment. They are more or less lacking in 
vigor and initiative, though the opera- 
tion is not actually the ruinous calamity 
that it is popularly supposed to be. In 
the experimental animal the mating in- 
stincts fail to develop and in the human 
subject normal romantic interest in the 
opposite sex is not acquired as the indi- 
vidual reaches adulthood. When the 
operation is performed later in life the 
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effects are somewhat variable. A cer- 
tain degree of instability of tempera- 
ment is likely to develop and, in women 
especially, unusual irritability may be 
apparent. Individuals of both sexes 
tend to become over-weight. 

The foregoing constitute but a few of 
the outstanding facts which bear on the 
subject. The relation of the hormones 
to personality is one of the most inter- 
esting and perhaps is the most important 
topic in the whole field of the internal 
secretions. Unfortunately, however, the 
psychological has been the most neg- 
lected aspect of the subject. The result 


is that this important chapter remains 
yet largely to be written. 

Nevertheless, we can safely say 
the personality is importantly dete; 
mined by the influence of hormone face- 
tors. There are several hormones, 
complete lack of any one of which w 
essentially ruin the personality. Wit 
out his hormones no individual can } 
normal either physically, mentally or 
psychologically. Recognition of this 
fact, however, should not blind us t 
further fact that personality is a 
complex matter and is dependent 
many other than glandular factors 


PREVENTION OF FOOD POISONING 


By Dr. K. F. MEYER 
DIRECTOR, HOOPER FOUNDATION FOR MEDICAL RESEARCH, UNIVERSITY OF CALIFORNIA 


THis program is addressed to all 
people who believe they have experi- 
enced a touch of so-called ‘‘ptomaine 
poisoning.’’ Theoretically, therefore, I 
should be speaking to practically every 
one in the United States, for in spite of 
the fact that there is no such thing as 
ptomaine poisoning it is one of the 
most popular of indispositions. It is a 
blanket term applied to any ailment that 
appears to have its origin in the stomach 
and to have been caused by the ingestion 
of some questionable food substance. As 
a matter of fact, there are a dozen differ- 
ent causes which may underlie those ex- 
eruciating symptoms which lead us to 
sigh, ‘‘It must have been something I 
ate.’’ Some of them are not due to the 
nature or condition of the food at all 
but to misuse of the food or to our own 
peculiarities, temporary or permanent. 
Others are due to different kinds of food 
poisoning. 

Overeating, overdrinking, exposure to 
cold after eating, fatigue or bad water 
may induce gastric disturbances resem- 
bling those from food poisoning. Fur- 
thermore, some people are abnormally 


sensitive to certain foods and may react 
violently to them, even though the foods 
themselves are absolutely harmless. For 
such attacks it would probably be better 
not to use the term ‘‘poisoning’’ at all 
Technically, food poisoning is restricted 
to illnesses caused by naturally poison- 
ous plant or animal matter, by acci- 
dental inclusion of some metallic poison 
in foods and by chance contamination 
with toxin-forming bacteria or other 
microscopic forms of life. 

As an example of foods that are natu 
rally poisonous it is scarcely necessary) 
to remind you of the toadstool and simi 
lar varieties of toxic fungi. The danger 
of poisoning from this source is easily 
avoided by making certain that fungi 
are edible before using them. This can 
not be done by any magic trick, such as 
dropping a silver coin in the cooking 
receptacle. The best plan is for the 
private individual to learn how to iden- 
tify one or two harmless species of mush- 
rooms and to confine himself to those. 
Professional gatherers may obtain valu- 
able information on the subject by con- 
sulting some authoritative classification 
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such as that offered by Krieger in the 
National Geographic Magazine of May, 
1920. 

Another curious example of naturally 
poisonous foods is provided by the com- 
mon sea mussel in certain parts of the 
world. In recent years this cause of 
food poisoning has assumed great im- 


portance on the Pacifie Coast, from 


Monterey in California far into Alaska. 
During the summer months these shell- 
fish develop a poison which is, as far as 


we know, the most active toxin on 
record. As a means of preventing food 
poisoning from this source the State De- 
partment of Public Health has lately 
established an annual quarantine on 
mussels from early June until late Sep- 
tember. Despite this safeguard indi- 
viduals still insist on gathering mussels 
and eating them at home, occasionally 
causing death and often with less serious 
results. To be safe one should avoid 
these shellfish during the summer 
months, or if that is impossible, care 
should be taken to neutralize any poison 
that may be present. This may be done 
quite easily, investigation shows, by 
cooking the shellfish for twenty or thirty 
minutes in boiling water containing a 
quarter of an ounce of ordinary cooking 
soda for each quart. Numerous tests 
indicate that this procedure destroys 
about 80 or 90 per cent. of the poison 
and thus renders the mussels safe for 
consumption. 

However, cases of food poisoning aris- 
ing from these inherently toxie sub- 
stances are in the minority. The pri- 
mary causes of food poisoning are a 
number of varieties of microscopic plants 
and animals that get into the food while 
it is being prepared for use. Of course, 
there are also many actual disease or- 
ganisms that contaminate food and enter 
the body through the mouth. Among 
the diseases that may be acquired in this 
way are trichinosis, dysentery, typhoid 
fever, septic sore throat, ete. These are 
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not strictly food poisonings but are food- 
borne infections. In passing, however, 
it should be mentioned that trichinosis 
is entirely too prevalent in the United 
States at the present time. People 
should remember that this dangerous 
disease invariably comes from 
improperly preserved sausages, especi- 


almost 


ally salami, or from insufficiently cooked 
pork products. Commercial 
manufacturers may eliminate trichinosis 
by holding all pork for twenty days or 
longer at a temperature of 5° Fahren- 
heit. If this can not be done the ground 
meat should be mixed thoroughly with 
salt and after stuffing in the 
casing should be held in a dry oven for 
not less than twenty days at a tempera- 
ture not higher than 45° Fahrenheit. 
In making sausages at home these pro- 


sausage 


Sausage 


cedures are not practical, and it is there- 
fore advisable to avoid the preparation 
of sausages which are eaten without 
eooking. In the use of fresh pork safety 
may be assured by boiling or roasting 
it until the flesh is of a white, opaque 
color. Care should be taken also not to 
give raw pork to domestic animals or to 
allow rats to reach it, as the disease may 
be spread in this way if the meat con- 
tains trichina (worms). 

Typical food poisoning of a bacterial 
nature, however, is more predominantly 
gastrointestinal in its symptoms than 
the diseases I have just mentioned and 
usually develops within a few hours after 
eating contaminated food. While pres- 
ent-day knowledge of all the forms of 
microscopic life involved is far from 
complete, there are a few facts which 
van be presented. Hundreds and even 
thousands of cases of such poisoning un- 
doubtedly oecur without receiving a 
thorough scientific examination. Usu- 
ally it is only when a large number of 
people are affected simultaneously, fol- 
lowing a dinner, luncheon or picnic, that 
an investigation is made. Many such 
investigations by modern scientific pro- 
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cedure have revealed that a common 
form of organism resembles the typhoid 
fever bacillus in many ways and is there- 
fore called the paratyphoid bacillus. It 
is not always possible to discover how 
this bacillus gets in the food, but in some 
eases it has been found that contami- 
nated meat products came from animals 
infected with paratyphoid bacilli. In 
other cases the meat was contaminated 
after being slaughtered. In some coun- 
tries where emergency slaughtering of 
beef animals is practiced, paratyphoid 
or Salmonella contamination from sick 
calves and cows is more prevalent than 
in the United States. Here it seems 
probable that contamination is more 
likely to take place during the handling 
of a foodstuff. This contamination may 
occur through a human carrier of para- 
typhoid infection or from infected ani- 
mals such as house rats. It has occa- 
sionally been found that food poisoning 
has occurred as an aftermath of a rat 


extermination campaign where so-called 


? 


‘‘rat viruses’’ or living cultures of para- 
typhoid bacteria had been carelessly 
used. These methods of combatting 
rats are dangerous as well as ineffective 
and there is no justification for their 
employment. If efforts are made to 
keep the rat population at a low level, 
cleanliness and care, systematically prac- 
ticed, will protect food supplies from 
contamination by rodent contact or 
droppings. 

It should be remembered that food 
made dangerous by paratyphoid con- 
tamination is not readily detectable. It 
is not necessarily altered in appearance, 
smell or taste. The way to avoid it is 
by eliminating all opportunity for con- 
tamination. Thorough cooking and 
storage under refrigeration diminish the 
hazards of food poisoning. The eating 
of raw meat products involves a con- 
stant risk of poisoning. If animals to 
be slaughtered are given a careful in- 
spection by trained men, and if meat 
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from them is thoroughly cooked, 
hazard of food poisoning is not y 
great. 

Meat products are not the only n 
acceptable to microscopic organisms | 
able of causing food poisoning. A 1 
ber of cases have been studied y 
apparently caused by a t 
elaborated by the Staphylococcus, 
organism vaguely resembling a Li 
tian bunch of grapes. The truth of 
was checked by a volunteer group 
scientific workers who swallowed s) 
amounts of fluid in which staphylo 
had been growing. The fluid was fou 
to be a highly irritating metabolic 
son. In about two thirds of the cas 
reported, this type of food poisoning | 
resulted from eating improperly refr 
erated pastry, especially pastries ¢ 
taining cream or custard filling. Pu 
health workers have found that t 
form of poisoning can be prevented b; 
thoroughly cooking pastry filler 
then promptly cooling it under refriger 
ation. Also, all utensils, such as fillir 
bags and guns, must be sterilized da 
and kept clean at all times. The 
duction and distribution of cream 
or cakes during the warm summ 
months should be restricted to baker 
properly equipped with refrigerat 
storage or display cases. 

Last but not least of the causes of fi 
poisoning is the Bacillus botulinus. 
is probably the most dangerous of 
involving a poison second in virule: 
only to the mussel poison previous!: 
mentioned. Fortunately, botulism 
also more readily prevented than other 
types of food poisoning. It grows onl; 
in sealed containers or in food masses 
from which oxygen is excluded and t! 
growth may be prevented by the ap} 
cation of sufficient heat. During 
past 150 years the deaths of about 
people have been traced directly to bot 
lism. At one time it offered a serious 
threat to the canning industry of 


were 
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United States. Through extensive ex- 
perimentation over the course of many 


years methods have been evolved to 
eliminate botulism and as a result not 
a single case of botulism has been traced 
to a commercially canned food for the 
past ten years. There have been some 
fifty eases of botulism, but in each case 
the source was an improperly prepared 
home-canned food. 

Because of the fact that the state of 
California is one of the important can- 
ning centers of the world, the responsi- 
bility for the campaign against botulism 
has largely devolved upon the Univer- 
sity of California. Members of its staff 
have found that the Bacillus botulinus 
is to be found everywhere in the soil. 
Thorough washing of fruit and vege- 
table products minimizes the chances of 
contamination but does not eliminate 
them. Certainty of freedom from botu- 
lism ean be obtained only by cooking 
susceptible preserved products at very 


high temperatures 
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A FREAK OR EVOLUTION? 


By Dr. CHARLES T. BERRY 
DEPARTMENT OF GEOLOGY, THE JOHNS HOPKINS UNIVERSITY 


By what criterion do we distinguish 
between a freak and evolution? This is 
a puzzling question and one which is 
raised in connection with the conditions 
of the two animals I will tell you about 
in this paper. Nature tries a certain 
line of development, and if it does not 
prove to be efficient in the surroundings 
where it is placed, this line is either 
changed or discontinued; and in its 
place nature installs another variety. 
Do we term this unsuccessful line a 
freak or evolution? If we should find 
one specimen we should probably call 
it a freak, but if we have the entire line 
made up of what individually we might 
call freaks we would term it evidence 
of evolution. Likewise if we separated 


one of the links out of this long chain 
of evolution and placed it near one of 
the end-members of the chain we would 
be tempted to call this individual link 
a freak, whereas in reality it is just a 
step, in the line of evolution, out of 


order. This is the question brought out 
by the abnormalities in the two follow- 
ing cases which I want to describe. Are 
these turtles freaks or steps in evolu- 
tion ? 

During my wanderings around Mary- 
land in connection with some geologi- 
eal work I was doing three summers 
ago, I stopped to rest on the bank of a 
small stream in Calvert County. Being 
interested in all things pertaining to 
natural science I started to look around 
while I was eating my meager lunch. 
About fifteen feet from the bank of the 
stream I spied the empty shell of a turtle 
with a number of the outer epidermal 
scutes detached from the bone. I ex- 
amined the remains more carefully only 
to discover that there seemed to be an 


extra plate on the turtle’s back. | 
once carefully gathered up all the 1 
mains I could find and packed th 
away, to take back with all my foss 
to the laboratory. Once back in th: 
laboratory, and my material unpacked 
I looked at this turtle better and sur 
enough, there was an extra plate o 
its back. I put this specimen asic 
since my geological work was occupying 
all my time, and did not think of 
until I came upon another turtle s! 
some ten months later in Howard 
County, Maryland. 

This shell also had an extra plate o1 
it, but it was not the same one. How 
ever, I was not so fortunate with this 
specimen, for all the epidermal shields 
were fastened very tightly to the bon 
These two finds aroused my curiosity 
very much, and from that time on | 
have been examining every turtle I have 
seen. Over a period of several years 
this amounts to quite a number. 0! 
none of the other turtles have I found 
any evidence of an extra plate. Thes 
two finds of mine are apparently just 
a coincidence. 

This is the question. Is the presence 
of these extra plates a step in evolution 
or does it represent just freaks? Whic! 
ever is the case, they are of interes! 
to the naturalist. 

Both of these specimens belong to the 
same species—Cistudo carolina Linn 
or the common box tortoise which 1s 
often seen in and around gardens and 
in the thinly wooded regions where there 
is sufficient moisture. This turtle lives 
to a very old age—the exact length is 
unknown—for they have been kept in 
captivity only about fifteen years. They 
wander about and do not dig holes in 
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ground except in the winter time, 
d then they are liable to bury them 
seives TO a depth ot two feet or more 
Cistudo carolina has a range from New 
England southward to Georgia and west 
ward to the Mississippi River 
This common box turtle has been 
called by several different names, among 
which are Testudo carolina and Didicla 
arolina These are still used by some 
authors: however the term Cistudo caro 
lina is in good usage to-day and I will 
follow the current practice 
The first specimen (Fig. 1) whicl 
came from Calvert County had appar 
ently been lying exposed all winter, for 
the seute plates had become detached 
from the bone, permitting me to observe 
the epidermal! shields separated Prom 
the bone. This specimen has an extra 
scute plate situated on the left of its 
third vertebral plate, and partly inter 
ealated between the second and third 
costal plates. The illustration is taken 
of the naked carapace with all the scutes 
removed so as to show how deeply the 
actual bone is grooved at the contact of 
the individual scutes. This extra tri 
angular plate, which is very well marked 
off. is a little more than twice as long 
is wide This seute plate show 
all the usual growth markings and ap 
pears to be a unit in itself similar 
all the normal seute plates 
There is, however, a slight irregu 
larity in the color pattern on the right 
side of the third vertebral scute; but not 
enough to justify drawing any conelu 
sion as to whether a similar plate migh 
have been formed there or not I ex 
amined the surface of the bone very 
carefully and there is no evidence that 


any extra plate might originate on the 


right side. I traced out the suture be 
tween the bony plates and could observe 
no irregularities due to the presence of 
the extra seute plate. 

This Calvert County specimen, a 
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costal plates on each side instead of 
four. The division of the left plate is 
exactly like that of the right plate. This 
division of the costal plate does not 
affect the usual arrangement of the 
marginal plates. Since the epidermal 
shields are still fastened to the bone | 
am unable to see if the bone has a deep 
eroove at the junction of the abnormal 
scute plates as can be observed on the 


other specimen Krom all observation 


the arrangement of the bony plates is 
not affected by the irregularities of the 
scute plates 

by studying the growth lines on the 
fourth and fifth costal and the fourth 
vertebral scute plates it is evident that 
the division of the fourth costal plate 
took place at a very early time in the 
development of the animal, becau e 
traces of the pointed lobe of the fourth 
vertebral seute plate which is partly in 
serted between the fourth and _ fifth 
costal scute plate can be traced by means 
of the growth lines until nearly the 
original vertebral scute plate is reached 

This Howard County specimen, a 
male, is: 4 5/8 inches long; 3 13°16 
inches wide; 2 9/16 inches high 

In searching through the literature 
one finds very little mention made of 
abnormalities in the number and charae 
ter of the scute plates of turtles. The 
following case is one which I thought 
would bear mentioning 

G. H. Parker! cites two eases of ab 
normalities in the scutes and bony plates 
of the sculptured tortoise Chelopus 
insculptus Le C.). One specimen has 
the appearance of having been deformed 
so that the outline of the shell appears 
to be twisted from left to right. On 
this specimen both the seute and bony 
plates are irregular. The other speci- 
men which Parker says probably came 


1G. H. Parker, ‘‘Correlated Abnormalities in 
the Seutes and Bony Plates of the Carapace f 


the Sculptured Tortoise,’’ Am. Naturalist, 35: 


17-24, 1901. 


from Maryland is regular in outlir 
there is one less marginal seute 
on both sides of the posterior port 
the carapace. This can be interp: 
the author thinks, as due to the s] 
ing of the carapace. This fact 
trates by measurements taker 
number of tortoises of the san 

Now to mention conditions 
in a few fossil turtles Within 
month I have examined the plast 
several fossil turtles of Mioce) 
There are several instances where 
plates are present, showing that 
normality of extra plates is not 
to the recent animals 

Just what is the cause 
larities that present themse] 
cases Which I have mentioned 
plates are derived from the eect 
while the bony plates come rro 
derm. This course is decided upor 
egg long before the turtle is hatehed 
evidence of growth is present on the s 
plates by numerous fine concentric 
and the age of a turtle can 
mined similarly to that of a tre 
of the explanations which presents 
for the extra plates is that the sh 
the turtle has been expr sed to sol 
cident The other explanation 1s 
some irregularity took place in 
velopment of the turtle before 
hatched. I will dispose of the 
point first 

There is always the chance tl 
shell of a turtle might be injured 
some aceident, such as a rolling st 
being stepped upon by eattle or 
hit by some vehicle like a lawn n 
I have seen cases where a large p 
of the margin of the carapace was 
ing from an injury of this kind 
bony portion was slowly being rep 
to its original form but leaving a 
nounced sear. In other eases I hav 
served shells of turtles which have | 
injured high up on the carapace. 


this case the sear ran across the er 


a 
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s of the seute plates. In none of Just 
se cases was there evidence of the brought 
mation of new and differently shaped ment of 
te plates. Instances 
n both cases of Cistudoa carolina there ber of sel 
s no evidence at all of the animal’s hay 
been hurt sometime during its life 
crowth lines of the odd plates are 
tinuous from the first concentric or But 
es to their last line. Where a sinus’ show more 
s found in the latter lines, this indenta ditional 
can be traced backward until it dis 
ippears in the outline of the voung seute 
te. In these two eases the evidence 
the extra plates can be traced to a 
ery early stage in the development of records from 
scutes. There are no breaks in the recent Most 
neentrie arrangement of the growth much larger than 
but the arrangement 
This leaves the other question as the bony plates is thi 
nswer to the extra scute plates—that living descendant 
some irregularity took place in the de tions where we 
velopment of the turtle before it was It is alwa 
atched. Just what this irregularity when deal 
vas is hard to say. It, however, only should m 
iffected the growth of the ectoderm the plain 
that I am sure of in the specimen from reach an 
Calvert County. Whether or not the [| will leave 
mesoderm was affected as well as the to decide r 


ectoderm in the development of the  wish—as to whether 


specimen from Howard County, I can have described are 


not say, but I feel sure that it was not. 
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THE ANNUAL MEETING OF THE NATIONAL ACADEMY OF SCIENCES 


+ 


istribution 


fue National Academy of Seiences  d 
was created by a special Act of Con different fields of 


CSS, approved by Abraham Lineoln on Ine Mathemat 


March 3, 1863. It was organized for two les, 14; eng 

irposes—to encourage the develop- 3; geology, 1; 

nent of science by honoring men who zoology, 5; physi 

ive contributed to knowledge by origi anthropology, 4; 

research work, and to advise the graphical mem 
Government on problems in science. As bers’ presented 
stated in the Charter ‘‘the academy were given by sci 
shall, whenever called upon by any De- academy members; 
partment of the Government, investigate, read by invitation 
examine, experiment, and report upon before the academy) 
any subject of science or art, the actual nouncements of the results 
expenses of such investigations, exami research work. Summary statements 
nations, experiments, and reports to be — the scientific work of an organization 
paid from appropriations which may be group are not customary; there 
made for the purpose; but the academy invited papers; and rarely is 
shall receive no compensation whatever sium held to consider a speeial pro 
for any services to the Government of on which information has been request: 
the United States.’’ The stipulation re- by the government. This attitude of tl 
garding compensation was wisely in- academy toward i ‘ientifie 
serted to free the academy from any has been adhered 
pressure which might be exerted on a_ ing and is reflected in the qualificat 
paid agent and from e¢riticisms arising expected of a candidate for el 
therefrom. The organization meeting of _ first and foremost he shall have 
the academy was held on April 22, 1863, uted by original research work 
and the first annual meeting on Janu- advancement of | 
4 to 9, 1864. At this meeting 16 _ field 

scientific papers were presented ; in addi The Monday evening public 
tion six different committees submitted was given by Dr. Frank Bb. Jewett 
reports on subjects on which several president of the American Tel 
government departments had requested and Telegraph Company, on ‘‘ El 
information and advice. These special Communications, Past, Present 
‘ommittee reports were printed in the Future.”’ Approximately 400 peo) 
annual report of the academy for 1863 were present at this extremely 
and cover 102 pages of the 118 pages of ing address. At the se i 


the report. the average attendance 





The seventy-second annual meeting mately 500, both morning 

the academy was held on April 22, 23 On Tuesday aftern 
and 24 at the academy building in bers were invited by 
Washington, D. C., with 113 academy director investig 
members and one foreign associate in inspect the Divisio 
attendance. The scientific sessions were of the Bureau of Inv 
well attended and the scientific papers Department of Just 
aroused interest and discussion. The more members and 
571 
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the invitation were shown the 
ols employed in the identifieat 
criminals by means of finger 
and other reeords The exhibitior 
most interesting and gave memb: 
insight into the functions and eff 
of this arm of the government 

At the annual dinner on 
evening President Campbell de! 
at the request of the local comn 
and of the couneil, a brief address 
the functions of the academy, as st 
in its Congressional Charter, and 
significance of the contributions 
science to human welfare. His ad 


coneluded with the significant sents 


think we 
ak tie want 
s irroundings, as reveat 

eans of the physic 

mil ibly more 

fiction of t 
DR. GEORGE ELLETT COGHILL . being idealist 
PROFESSOR OF COMPARATIVE ANATOMY, t is of the 
rAR INSTITUTE OF ANATOMY, PHILADELPHIA, 


This was followed by the presentat 
of four medals: the Agassiz Meda 
Haakon Hasberg Gran, of the Un 
sity of Oslo: the Henry Drape Vi 
to John Stanley Plaskett, director 
the Dominion Astrophysical Obser 
tory; the Daniel Giraud Elliot M: 
and Honorarium of $200, for 1932, 
James Paul Chapin, of the Ameri 
Museum of Natural History; the Pu/ 
Welfare Medal of the Varcellus Hartli 
Fund to August Vollmer, member of 
staff of the Department of Po 
Science, University of California 

At the business meeting held on W 


nesday, April 24, the following 


were elected 


President: Frank 
embryology and dea 


ry at the University 


f four years, commen 
Home Secretary: Fred. 
DR. CHARLES M, CHILD sict, Gounianiacl Labora! 

of Washington, reelecte 


PROFESSOR OF ZOOLOGY, 
J 


UNIVERSITY OF CHICAGO. years, commencing 
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THE 


Vembers o 
Harrison, 


Ross G. 
Norris Russ¢ 


ted for t 


Photographs fourteen new 


embers accompany this article 
At the first general session of the 
academy on April 22, President Camp 
bell read the following letter from the 


President of the United States 


md 


sevent v-sec 
onal Academy 
come to Washington 


sh for the greater 


f the Academy 


The country has ev 


record of its scientific en 

In astronomy, medicine phir ‘ y, DR. MERRI1T 
geology, and other sciences, PROFESSOR OF 
yf engineering in al s HAR 


ons of America have 


standing in a friendly 
It is a matter for tl 
the many sources of 
musies, science presel 
ruthfulness and mut 
tions Not only 


ntit 


in 
Tt se1entis 
inds, even 
nee 


The 


National Rese: 
he Academy 
lize the 
suntrs 
take this opport 
advice and issist 
during 
vr yhler 


+ 


the G 
l 


JAMI WING 


renewet 
remain 
SOK 


< 


Verv sincerely 


Signed ROOSEVE! 
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DR. WALTER S. HUNTER DR. EARNEST A. HOOTON 
PROFESSOR GENETIC PSYCHOLOGY, PROFESSOR OF ANTHROPOLOGY 


(‘LARK UNIVERSITY. HARVARD UNIVERSITY. 


To this letter President Campbell xr department of 
. . ce ae the sé 
replied as follows: vice, under the w 


Congressional Charts 


I have the great pleasure of acknowledging receive no compensat 

the receipt « ‘ esteemed communication of ces to the Governm 
have the honar 

to-day whiel exten to the members of the ] have the ] n 


National Academy of Sciences a warm we 


to Washington f¢ he holding of the Acad 


+¢ 


Yours respe - 
Signed W. W. CAMPBI 
“mv’s ‘ gy of 1935. and expresses _ ; ' 
ne 0, mg Of B0CS, and ‘I The present membership of the ae: 
your eordia \" for the greater deve opment ‘ 9 . . 
and usefulness of the Academy emy 1s 289 with a membership limit 
Your letter was read to the members of ft] 300: there are 44 f reign associates Ww 
Academy this afternoon at the opening of th: a limit of 50. 
first general assembly of this week’s meeting, The autumn meeting of the acade 
and I was requested and instructed to convey ; ’ 1 
: re rs Pa will be held this year on November 1> 
to you an expression of the Academy’s deep : apa 
appreciation of your thoughtful and courteou 19 and 20 at the University of Vire 
messages. at Charlottesville, Virginia. This m« 
I am also requested to assure you that the jing will be the first one of the acaden 
f th ademy are happy in their to be held in the southeastern sect 
mand privilege of advising the Govern I'n} 1 Stat 
aisieek ial ey States on subjects within The nited States . 
eae kK. KE. Wrieur, 


the doma n of physical and the biole 


sciences, whenever called upon by br } Home Secreta) 


THE MINNEAPOLIS MEETING OF THE AMERICAN ASSOCIATION 


} 


THE ninety-sixth meeting of the University of Minnesota is host, as 
American Association for the Advance- the two previous Minneapolis meetings 
ment of Science is to be held in Minne- and this year welcomes the Associatii 
apolis from June 24 to 29 inclusive. The to a new campus which is admirab 
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Al 
Joint 
for exchange of privileges 


Medical Ass ) 
Minneapolis 


lapted for a successful meeting 


angements have been made for 


sessions and 
vith the Minnesota State 


which meets in the 
Municipal Audit 
General headquarters are located in 


Minne 
Hote] 


‘lation 
rium from June 24 to 
% 
the Northrop Auditori 


apolis campus of the universi 


im on the 


T\ 


headquarters are located in the Hotel 
Nicollet 
In addition § ti the usual selentific 


various fields the 


papers in program ol 
the meeting seeks show what science 
has to offer towards the solution f 


present problems, especially in the 


Northwest 


has been secured for 


A strong group of speakers 
the 

The Minneapolis meeting will open on 
Monday morning 
the Northrop Auditorium on the Unive: 
The open 


general Se@SSlOnS 


} “ 4 ; 
with registration al 
sity of Minneapolis campus 
ing that 


joint meeting with the Minnesota State 


general session evening is a 


Medical Association, at which the ad 
dress on ‘* Diseases ot the Blood ’*’ will 
be given by Dr. W. P. Murphy, of Bos 


ton, whose work on anemia brought him 
the Nobel prize In medicine Tuesday 
evening the general session is devoted to 
the Maiben lecture. The speaker is Di 
Richard P of Harvard 
sity Medical School, and the topic, 
Importance of Ecology in Tropical D 
be with material 
recent to Africa 
re 
will be 
Mrs. L. D 
On Wednes 
ywinan, 
Hopkins Uni 
“The Land 


Univer 
The 


IS 


Strong, 


ease,””’ will illustrated 


his expedition 


from 


Followine this lecture an informal 


to 
by 


ception visiting scientists 
tendered 


Coffman of the university 


President and 


Isaiah B presi 


day evening Dr 


dent-elect of the Johns 


versity, Is to speak on 

Your Possession.”” Thursday evening 
Dr. Wm. F. G. Swann, director of the 
Bartol Research Foundation, will ad 


on ‘*The 
The Friday 


will be 


the general session 


Nature of Cosmic Rays.”’ 


{ | ress 


evening general sessiol addressed 


by Dr. Philip Fox, director of the Adler 
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The Minnes Sta Med 
tion Wil S \ Sel . 
strations ai x . W 

the A A \ a adn 
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programs of st ns and soci 
greatly but in many stress has 
on symposia and int session 
the forenoons, w field trips am 
for the afternoons. Other fiel 
the entire clay lew ex 
even longer pr Ss. giving 
to visitors f act wit 
features ot n All pe 
at least supertic familial 
attractive envi mer 1 
(ities. Min neap s and St 
with the rred \ “at n areas 
streams ana Tores wilderness 
northern ha state I" 
inrivalled opportu S 
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number \ 4 
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varied scientific program. Details a Professor D. E. Minnich is 
ready reported give promise of similar and Professor D. G. Paterson 
variety and value in the program for has done much to insure the su 
this meeting. The work of secretaries the meetings, in which they have 


of seetions and affiliated societies has alded by some forty associates from 


brought together material in diverss university and the city of Minne 


fields sure to interest members and visi Henry B. Warp, 


4 . ry’ ] ] . . ; . p 
Ors The local committee, of which Permanent Ne 


THE STRATOSPHERE BALLOON FLIGHT 


THe 1935 stratosphere flight in EF. The investigations will include 
plorer IT, like that of 1934 in Explore) 1) Measurements of temperatu: 
/, will be made under the joint auspices barometric pressure changes, fron 
of the National Geographic Society and earth to the highest point to be 
the U. S. Army Air Corps. The ascent by the balloon; (2) Collection of sai 
will be made from the Stratocamp, a ples of stratosphere air for analy 
cliff-encircled basin in the Black Hills, 3) Cosmie ray studies, including 
12 miles southwest of Rapid City, South number and direction of the rays 
Dakota. The site of the Stratocamp was’ various altitudes; (4) Spectrograp 
chosen both for the 1934 and 1935 flights studies of sunlight and skylight, and t 
because of the excellent facilities af- distribution of the ozone layer; (5) S|} 
forded for the project. The location brightness, sun brightness and eart 
toward the western edge of the Great brightness; (6 Wind direetion ar 
Plains region provides a large expanse velocity studies; (7) Additional che 
of unforested country to the southeast on measurements of altitude made 
the direction of drift—in which to land. barometers; (8) Studies of the chang 
The camp, protected on three sides by in the electrical conductivity in the ai 
cliffs rising from 350 to 500 feet, and on with increasing altitude; (9) Studies 
the fourth side by hills equally high, high-frequency radio signals sent fr 
furnishes an ideal place for the‘inflation the stratosphere and received on 
of the huge balloon. ground; (10) Collection of spores in 
Balloon, gondola, and instruments _ stratosphere. 
will be assembled at the Stratocamp, Captain Albert W. Stevens, | 
ready for the flight, by June 1. The Army Air Corps, will be in command 
ascent will be made during the first the flight and will have charge t 
weather favorable for stratosphere fly scientific program and _ instruments 
Captain Orvil A. Anderson, U.S. Arm) 
Ca 


ing after that date. The weather condi 
tions must be such as to promise freedom Air Corps, will pilot the balloon 
from clouds and excellent visibility over tain Randolph P. Williams, U.S. Arn 
a large area to the east and south Air Corps, will be in charge of grou 
The purpose in sending this expedi operations and will stand by as alternat 
tion into the stratosphere is to carry out _ pilot. 
measurements which can.not be made The balloon to be used in the strat 
through the blanket of the earth’s atmos- sphere flight, Explorer IT, was design 
phere, which is equivalent to a layer of | and built by the Goodyear Zeppelin C 
water thirty feet thick. A very large poration, in Akron, Ohio. It is large! 
balloon is being used because in no other’ than the Evplorer J, which, at the tin 
way can the instruments, which are of its manufacture, was the largest ba 
necessarily heavy, be lifted to the loon ever constructed. When fully in 
desired height. lated the Explorer II will be a sphere 
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Photoaraph b National G 


PARTICIPANTS IN 


COMMAND OF 

P. WILLIAMS IN 
OFFICERS ARE STAN 
CAPTAIN STEVENS 
CAPTAIN WILLIAMS 1 
THE AIR. THE FLIGHT, 
U. S. Army Arr Corps, 


Rapip City, Sournm DAKO’ 


192 feet in diameter, 13 feet greater in The bottom 
diameter than Explorer I. The cubic — tion in which 
eapacity is 3,700,000 ecubie feet, as mer) is made 
against 


he bag 
weurred 


same welg! 


000.000 cubie feet for main fabric of the balloon: three 


) 
0 
Explore: I. TO the square vard bef« re the r ibbe 
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applied; 5.3 ounces afterward. In Ea trip; and the amount of gas valved 
plorer I the bottom fabric was of two 
ounce before it 
The top of the balloon bag is made of 


cloth before 


in order to keep the balloon on the s 
It Call hye 
the ba 


above 70) 


level for certain periods. 
that 
tude 
At 


only about 1] 


weight was rubberized 
roughly 


to 


mated very 


should rise alti 
feet Re 


atmosphere will be 


four-ounce the applheation an 
or 13} miles this height 


of rubber. 
The Explorer IT will be 


ised 


» 


inflated with 
was last 
for 
vas is to eliminate 


Helium 


not burn and remains inert when mixed 


helium; hydrogen year 


The 


the 


the density of the atmosphere at 


In other words, 22/23 of thi 
atmosphere will 


primary reason the change to level. 2 
below the le 


23 above 


more expensive all lie vi 
balloon, and only 1 
The balloon and it 
The 
equipment, and 
More 
ballast 
of 


leaves 


possibility of explosion. will 2 


Ss ropes 


With any air. Hydrogen, pounds. gondola, 
the other 
forms an explosive mixture with air 
a of 
92 per cent. of the weight which 
lifted the of 


t became vive 


proportion of 
men welgnh 

than 8,000 
1 he 


Wii 
balloon, 


on hand, burns readily and 


pounds. poun 


Since given volume helium will  lead-shot carried 


weight vondola 
if 
approximately nine 
their 
stratosphere in an air-tight, metal 


be 


This gondola or eabin is n 


lift only entire 
he 
hydrogen 1 
Explorer Il a considerably greater vol 
ume than that of Explorer J, in order to 


eround 
The ba 


int 


ean same volume load when the W 


necessary TO Tons 


will make ascent 


ISTS 


reach the same ceiling. which will suspended beneat!] 


When the balloon | 
it will contain only about 300,000 cubie 


eaves the ground _ balloon. 


of Dowmetal, a magnesium alloy lig 


feet of helium, approximately eight per than aluminum. The metal shell is 3 


cent. of its capacity. Sinee the gas ex- of an inch thick, 9 feet in diameter 


ft 


pands rapidly as it rises above the earth, weighs 638 pounds. The gondola is p1 
man | 
of 1934, 
covered Vi 
Midw 
es Is a hinged at 
prop 
fan, 


vided with two elliptical 


slightly 


it would be wasteful to start with more. 
those 
] 


iOS, 


The bag will become full and take on its larger than 
spherical shape approximately. 12 miles 
the earth. Above this point the 
as will escape from the bot- 


six observation portho 


above double thicknesses of glass 


between the man hol 
14 feet 
fan at 
trolled 


expanding ¢g 
tom of the bag through four appendixes 


or inverted chimneys of fabrie. 


long, which carries a 
the 


from 


outer end. This 


The exact height to which the balloon within the gondola 


will ca 


will rise will depend upon a number of 


factors 


the temperature and barometric 
of take-off; the degree 


+ 


time 


driven by a storage battery, 


the gondola and balloon to 


turn 


pressures at 


thus pointing the 


instruments 


~ 


\ 


of extra expansion due to superheat desired direction 


eaused by the shining of the sun on the 
the total of the 
relationship between tl the 


the 
that be discarded that 
must down 


1 


the balloon: 
of 
and 


the 


bag: load 
as ' NAl 


Sor 


DIREC IONA 
CHAIRMAN, 
THE NA! 


ARMY AIR ¢ 


ror, 


weight 
can 


be 


ballast OF 


which retained for 





INDEX 


Reeords, 
pton, Karl 


President of 


Darwin’ 
Goon, 
DIAMOND, L. N.. 


Discoveries, Scientif 


Eclipses, B BONNER 


Educational and Oecupationa 
Our National Rulers, H. D 


Eggs, How Rats Transport, 
Elms. American, 8. B. Fra 





oR? THE SCIENTIFIC MONTHLY 


McFARLAND, R : chological Res 
Soviet Russia, ; 


MacManon, A. M., 


Program, 
Mapping from the Air, 8S. S. STEINBERG, 363 
Mathematics in Biology, R. G. Harris, 504 
Medical Remedies, Old Bizarre, H. A. Scu 

131 
Merer, F. C. and ¢ A. LinpBperGuH, Collecting 

Micro-organisms from the Areti (Atmosphere, 


Mendel, Gregor Johann, D. J. Harpou, 313 

MEYER, K I’... Prevention of Food Poisoning, 

Micro-organisms from the Arctic Atmosphere, 
F.C. Merer and C, A, LINDBERGH, 5 

Moon, Surface Features of, F. E. Wricur, 101 

Morrison, B. Y., Painting the Hills Green, 173 

Mov.itron, H. G. and M. Leven, The Thirty 
hour W eek, 257 


Naturalists Old and New, P. Huaues, 265 

Nature, Meddling with, H. J. VAN CLEAVE, 

NEHER, H. V., Cosmic Rays, 55¢ 

Nobel Prize, Awards, 194: Winners, H. HAL 
167 

Nuelei, Stable and I nstab Se, R \ LA 


ae 


Ocean Surveys, Sound in, N. H. Hecr 
Oscoop, W. H., Along Darwin’s Trail 


America, 73 


Painting the Hills Green, B. Y. Morrison, 
Parentage, Determining, A. S. WIENER, 323 
Parr, L. W.., Biological Approaches to Anthro 
pology, 218 
Parsons, A. B., The Magie Age of Alloys, 465 
PEARSE, A. S., Siam in May, 45 
Peary, Admiral, W. H. Hopss, 391; Portrait, 392 
Pectin in Nature and Industry, G. L. BAKER, 48 
Persia, A. HEINICKE, 116 
Personality, Endocrine Factors in, R. G. Hos 
KINS, 558 
Pollen Grains and Worlds of Different 
R. P. Woprnouse, 58 
Population, World, W. D. Smiru, 33 
Pressure, The Biological Importanes 
CATTELL, 468 
Progress of Science, 88, 188, 284, 380, 476, 
Property Boundaries, S. 8S. STEINBERG, 54 
Psychological Research in Soviet Russia, R 
McFARLAND, 177 
Psychotechnology, R. H. GuNDLACH, 546 
Pupin, Michael Idvorsky, 477; Portrait, 476 


Rainmakers on the Plains, W. KoLLMorRGEN, 146 
Recover) and Seience, A. M. MACMAHON, 7 


SANDERSON, D., Social Progress, 349 
ScHRAMM, W. L., What is a Syllable? 552 
Scuuuze, H. A., Bizarre Medical Remedies, 431 


Science, Service Radix 

$58, 556; and the P 

370; and the Layman, 
Sequoia, Giant, Fall of, 48: 
Shapley, Harlow, Portrait, 47! 
Shark Attacks, E. M. Burton 
Siam in May, A. S. PEARSE, 
Silence, When the Past Broke 

366 
Simonps, J. P., The Natu 
de Sitter, Willem, 89; Por 
Smith, Theobald, 196, P . : 
SMITH, W. D., World Population, 
Social Progress, D. SANDERSON, 34! 
Solar Eclipse, 290) 
SPEISER, E. A., When the 

366 
Stars, Dust Between. 
STEBBINS, J., Dust 
STEINBERG, ®&. S.5 

Mapping from the 
Stellar Guests, F. Zwick’ 
STERN, B. J., 

to Lester F. Ward, 
Stratosphere, Labor 

Balloon Flight, 978 
STRUVE, O., Freedom in 
Swasey, Ambrose, Port 


Svilable, What is It? 


Termites, Fight Against, C. A. Koro 
Territorial Expansion, VISHER, 
Thirty-hour Week, H Mo 
LEVEN, 257 
TirrFaAny, L. H., 


Unemployment, P. M 
Urey, Harold Claytor 


DI IGN 


VISHER, 


Wallace, Alfred Russel, Lette 


Ward, B. J. STERN, 375 
White, David, 381; Portrait, 380 


WIENER, A. S., Determining Parentage, 
TAG 
WiLson, J. G., The Normal Criminal, 
Winter Injuries among Trees and Shi 


Wild Life of the Forest Carpet, i 


JACK, 332 
WopEHOUSE, R. P., Poll 
of Different Sizes, 
WriGutT, F. E., Surface 

101 


Yale University, Medical Buildings, 


Zwicky, F., Stellar Guests, 461 





scier 
from 
abil! 
zero, 
acco 
time 
guid 
That 
of tl 
day : 
prot 
Off. 
the | 


L 





N Sfecuracy 


ISE IN RADIOGRAM 
ID HEA QUARTERS i 


idmiral Byrd—and Little America, showing the Admirals hut and radio towers 


- ESPITE har Iships and folder 
extreme temperatures, tion, the 
Hamilton Watches have new 193 


stood up we ll indeed.” radios Dr. Poulter. Chief Company 


© Byrd Expedition 


Scientist of Byre’s Second Antarctic Expedition, 
from Little America. Hamilton’s proven depend 
ability, despite temperatures as low as 70° below 
zero, won for this watch the honor of three times 
accompanying Byrd on polar expeditions. This 
time again Hamilton accuracy proved unfailing in 
guiding the explorers through uncharted country. 
That same fine degree of accuracy is characteristic 
of the beautiful new Hamiltons you may see any 
day at your jeweler’s. Hamilton accuracy is doubly 
protected by the Time- Mi roscope | Reg. U.S. Pat. 
Off..—a Hamilton invention used exclusively in 


the timing of Hamilton Watches. Write for special 





Tt 

HAMILTON’S RECORD OF SERVICE 
WITH ADMIRAL BYRD 

In 1926 Hamilton timed Admiral Byrd's 

flight over the North Pole. 


In 1929 Hamilton chosen Official Timepiece, 


First Byrd Antarctic Expedition. 


In 1934 Hamilton again selected for Second 
Byrd Antarctic Expedition. 


HAMILTON 


| U alee of Raitwad Accu acy 


AMERICA BY AMERICAN WORKMEN 
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Living in 


NEW 
YORK? 


Desittieane the merits 
of the Prince George 
Hotel. . .. Lots of sci- 
entists and educators 
stay here. Perhaps you 
will like it, too. 


@ Convenient—Five minutes to 
Grand Central by subway. 


Complete 1000 rooms with 
bath. Five restaurants. Tap 
room. Radio rooms. Sun roof. 
Library. 

Environment—\ isit us and see 
what we mean. 


Economical Daily rates 
room with private bath for one 
from $2.00; for two from $3. 
Monthly rates from $45.00 for 
room and private bath. Meals 
range from 40 cents 


Send for New, Tilustrated Booklet 
showing points of interest and 
road map 


Prince George hotel 


ALBURN M. GUTTERSON, Mar. 
27th to 28th Streets (just off Fifth Ave.) 
NEW YORK 


— = 


Ome: <i mao 


ADVERTISEMENTS 


Crfey & 
STAR HOTEL 


in New York 


* for BUSINESS... 1 block from 
Times Square, 3 blocks from Sth 
Ave. Underground passageway 
to all subways. 

* for DINING...3 restaurants 
to choose from—coffee room, 
tavern grill, main dining room. 


Breakfast from 30c Luncheon/rom 65c 
Dinner from 85c 


& for RECREATION...69 fine 
theatres within 6 blocks. 1 block 
from Broadway...4 short blocks 
to Madison Square Garden. 


% for QUIET SLEEP... 32 stor- 
ies of fresh air and sunshine 
high above the street noises. 


1400 large rooms...each with 
bath {tub and shower} servidor 
and radio. 


SINGLE from $2.50 
DOUBLE from $3.50 


Special Rates for Longer Periods 
Send for booklet “M” 


QA 
LINCOLN 


44th TO 45th STS. AT 8th AVE. - NEW YORK 


JOHN T. WEST, 
General Manager 
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New Lea & Febiger Publications 





29ND) EDITION 


VEGETABLE GROWING 


book offers a first 
ge Since many students 
ciples than to the minut 
ind develop methods to f 
and suggests the reas 
avoids re petition and 
more general phases 


1 reading 


WORK 





THE KIDNEY IN 
HEALTH AND DISEASE 


Tn Contributions hy E mine nt Author 
y by HiLtpInGc BERGLUND, M 
the Department of Medic 
and GRACE MED 
ankenau Hospital 


e Collab 


van 
RED N. RICHA 


» 
of Pennsylvania 


/ 


An important symposium on the structure and function of the 
Minneapolis. It was instituted by Dr Hilding Berglund, then Profe 
onducted under the auspices of that institution To it were 
subject So important were their contributions to the present kr 

it it was generally agreed that the papers should be preserved in 
This book represents the contributions to the symposium, an 
recent advances and to conform ith the latest conceptions 
original symposium have been added and the entire work has 
the original contributors he present volume represents the lates 
this subject It will be welcomed by every specialist and genet 


\EW WORK 


A TEXT-BOOK OF HISTOLOGY 


The F une fional Significance f Cells and Intercell ular NSNuvhbsta 
(Oo 


Washingt 
Imper 


This book concentrates on a few subjects making it poss ble 
the value of experimentation and of evidence. Its aim is to rel: 
stressed to this end. Its illustrations avoid the obvious. The centra 
great integrator and to present a dynamic conception of the body 
subjects are revealed rather than avoided. With this book the student 
ell in terms of biochemistry, physiology and pathology and, in practice, 








WASHINGTON SQUARE 
LEA & FEBIGER PHILADELPHIA, PA. 


ease se nd me books che ked: 
Knott’s Vegetable Growing 
Berglund & Medes’ on the Kidney 


Name Address 
(S.M 6-35) 
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Complete Equipment for 


Explorers, Scientists, Engineers, 
Hunters and Travelers 








7 - oie + 
Bae Sn te 3 RRO 





We have Equipped many Expeditions from the Poles 
to the Equator 


The only house in the U. S. where every item may be obtained 


Gurley’s Transits, Levels, Current Meters; Paulin Altimeters; Binoculars, 
Microscopes, Cameras, Motion Picture Outfits; Tents and Camp Requi- 


sites; Sleeping Bags; Saddlery; Outdoor Clothing for every climate; Boats; 
Arms and Ammunition, etc. 


We have recently equipped one expedition over the Greenland ice 
and an engineering expedition to Abyssinia and others for Vene- 
zuela, Colombia, Brazil and Persia. Some of these exploring parties 
we equipped with practically everything they needed from engi- 
neering instruments to rifles, ammunition and food. Our tents, 
made of Equatorial Waterproof Cloth, have stood the sun of the 
tropics and the freezing blasts of the Polar regions. 


Let us furnish estimates—write us your wants. 


Catalogs and Testimonial Letters on request 


ANTHONY FIALA  47.WARREN STREET 


NEW YORK CITY 


** Look for the sign of the Polar Bear” 




















ADVANCED PHOTOGRAPHERS 


will find their needs most fully met in the large variety of fine modern cameras, 
lenses, and accessories marketed by us, such as: 


JOS. SCHNEIDER & COMPANY LENSES—A perfect lens f 
ing wide angle and telephoto work at a moderate cost 
ROLLEIFLEX AND ROLLEICORD REFLEX CAMERAS—1 
widely imitated outfits of their type on the market 
LINHOF PRECISION CAMERAS—For wide adjustment rangé 
KAWEE CAMERAS—For extreme lightness and compactne 
FOTH DERBY FOCAL PLANE CAMERAS—Half vest pocket 
RAJAH, PRAXIDOS, FOTH, and GRANAKO ENLARGERS. 
HEIDOSCOPE, ROLLEIDOSCOPE, and EHO STEREO CAMERAS. 
BEE BEE and CERTO CAMERAS, half vest pocket to 5x 7” 
BEE BEE DISTANCE METERS, guaranteed absolutely accurate, $4 
NIKOR STAINLESS STEEL ROLL FILM DEVELOPING TANKS. 
REFLECTORS and LIGHTING EQUIPMENT. 
LIOSCOPE and other EXPOSURE METERS. 
TRIPODS, in a large variety, and many other USEFUL ACCESSORIES. 


Send for general assortment of literature. Technical correspondence invited. 


BURLEIGH BROOKS 
125 West 42nd St. New York City 














MT. DESERT ISLAND 
BIOLOGICAL LABORATORY 


(Formerly the Harpswell Laboratory) 
SALISBURY COVE, MAINE 


Five and one-half miles from Bar Harbor, on the north shore of Mt. Desert 
Island, the laboratory offers facilities to investigators for marine biological research. 


An ample supply of running fresh cold sea water uncontaminated by any 
kind of waste or oil makes possible prolonged studies on eggs, embryos and other 
sensitive organisms. A ten-foot tide exposes a great variety of species many of 
which are typical of the Acadian fauna and flora. Season extends from June 15 
to September 15. , 


For use of the facilities or for further information write to 


Prof. William H. Cole, 
Rutgers University, 


New Brunswick, N. J. 
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LET’S DO THIS 
THING 
~ SYSTEMATICALLY! 


It pays to get all the facts. Sharpen your pencil and check 
off your vacation “‘musts”—they’re all combined in these 
cruises. 


THE SHIPS. _ New ships built especially for West Indies service with 
exclusive air-conditioned dining rooms. All rooms outside and amidships 
with Punkah Louvre Ventilation even at minimum. 


ITINERARIES. Circle the entire Caribbean including South 
America in 18 days or visit Haiti, or Haiti and Jamaica in 11 days. 
Direct docking at regular ports. No disagreeable tender transfer. 


CRUISE FACILITIES. Smart outdoor, verandah swimming pools! 
Broad, outdoor sports decks! Motion pictures. Dancing, Orchestras, 
Celebrated cuisine. Plus the personal note. 


HIGH-SPOTS ASHORE. See colorful native life in Port-au 
Prince. Picturesque British Colonial Kingston. In Colombia visit 
celebrated San Felipe fortress, Spanish cathedrals, etc. See the world 
famous Panama Canal. 


RATES AND SAILINGS. 11 Day all-Expense HAITI cruise. 
Allowing 3'/ days and 3 nights in Haiti. Room and meals at first class 
hotel in Port-au-Prince. Motor sightseeing. $115 up. 


11 Day all Expense HAITI-JAMAICA Cruise. 11% $ 
days and night in Jamaica, 2 shore visits in Haiti. 
Motor sightseeing in each country. $130 up. 

up 


18 Day COMPLETE Cruise. Haiti (Port-au-Prince, 
2 leisurely visits); Jamaica, 2% days and 
one night. Probably a visit to a Jamaica 
outport; Colombia, So. Am. (1 day and 
evening in Puerto Colombia and Barran- 
quilla. 1 day in Cartagena); Panama (2 
whole days and one night). 


A SAILING EVERY THURSDAY 
FROM NEW YORK 


Colombian Line, 17 Battery Place, 
New York City 


COLOMBIAN CRUISES 


TO THE SPANISH MAIN 




















